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PREFACE 


From  24  to  28  March  1980  the  sixth  advanced  operational  Aviation  Medicine  Course 
was  held  at  the  Centre  de  Mddecine  Adronautique,  Brussels.  Seventeen  representatives  from 
seven  NATO  countries  attended  the  course. 

Theme  of  the  course  was  Aviation  Cardiology.  Lecturers  from  the  US,  UK,  France  and 
Belgium  covered  the  cardiological  problems  of  selection  and  screening,  the  epidemio'ogy  and 
prevention  aspects  and  the  problems  of  ageing. 

During  two  round  table  discussions,  one  on  selection  and  screening  aspects,  the  other  on 
cardiovascular  problems  throughout  the  pilots  career,  the  actual  criteria  and  rules  were  reviewed 
and  new  solutions  were  proposed. 

Special  emphasis  was  put  on  the  cardiovascular  problems  in  relation  to  the  selection  and 
the  medical  follow-up  of  pilots,  who  have  to  fly  the  new  generation,  high  performance  aircraft, 
such  as  the  FI 5,  the  FI 6,  the  Mirage  2000  and  the  Tornado. 

The  Participants  in  the  course  visited  the  Centre  de  Mddecine  Adronautique  and  also  the 
Department  of  Cardiology  of  the  University  Catholique  de  Louvain  at  Woluwe,  where  they  had 
the  opportunity  to  be  familiarised  with  the  newest  expertise  and  techniques  in  the  field  of 
cardiology. 

I  would  like  to  thank  especially  the  lecturers  for  their  outstanding  and  to  the  point 
presentations,  and  all  the  participants  for  their  very  active  participation  in  the  round  table 
discussions  and  for  the  innumerable  questions  throughout  the  course. 

I  would  like  to  acknowledge  the  considerable  help  I  received  from  the  Staff  of  the  Centre 
de  Mddecine  Adronautique  and  VSM,  and  in  particular  the  projectionist  Adjt  Dossche,  my 
secretary  Adjt  Demeester,  and  his  assistant  Cpl  Christiane  Lataire. 


Dr  J.BANDE 
Med.Col. 

Course  Director 
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NON-INVASIVE  EVALUATION  OF  THE  CORONARY  CIRCULATION 

by 

Jean-Marie  R.  Detry.M.D.  and  Jacques  A.  Melin,  M.  D. 
Service  de  Cardiologie,  Cliniques  Universitaires  Saint-Luc 
Avenue  Hippocrate  10 
B  -  1200  Bruxelles 
Belgium 


The  non-invasive  diagnosis  of  coronary  artery  disease  (CAD)  is  based  at  first  on  the 
history  of  the  patient  :  in  asymptomatic  subjects,  the  probability  of  CAD  is  low  while 
CAD  is  very  likely  in  men  with  typical  angina  pectoris.  This  pre-test  evaluation  of  the 
likelihood  of  disease  is  important  since  it  determines  the  value  of  the  data  provided  by 
all  subsequent  tests  :  false  positive  responses  are  frequent  when  the  disease  is  unlikely 
while  false  negative  responses  are  frequent  when  the  disease  is  likely  . 

Exercise  testing  is  the  second  diagnostic  step  :  an  abnormal  ECG  response  (ST  segment 
depression  ^0.1  mV)  is  a  sensitive  and  specific  sign  of  CAD  .  The  exercise  ECG 
should  be  interpreted  very  cautiously  when  it  does  not  confirm  the  data  provided  by  the 
history  . 

The  diagnostic  value  of  exercise  testing  is  further  improved  when  it  is  combined  with 
a  Thallium^Ol  myocardial  scintigraphy  ;  the  specificity  of  this  method  is  excellent  . 
Finally,  radionuclide  angiography  during  exercise  permits  an  accurate  evaluation  of  the 
left  ventricular  function  and  this  new  method  brings  additional  UBeful  information  . 


Coronary  artery  disease  (CAD)  is  a  major  medical  problem  since  it  is  the  first  cause  of 
mortality  and  morbidity  in  the  middle-aged  active  population.  The  early  detection  of  CAD  is  impor¬ 
tant  since  subjects  with  latent  CAD  have  a  much  higher  incidence  of  unexpected  coronary  events  as 
compared  to  the  normal  population  :as  far  as  occupational  medicine  is  concerned,  these  subjects 
should  be  identified  since  they  may  be  suddenly  incapacitated  while  on  essential  duties  such  as 
taking  off  or  landing  a  plane  . 

Coronary  arteriography  is  certainly  the  best  way  to  ascertain  or  to  exclude  the  presence  of 
significant  coronary  lesions  .  This  invasive  procedure  is  however  expensive  and  it  involves  a 
small  incidence  of  fatal  complications  .  For  these  reasons,  coronary  arteriography  should  be  per¬ 
formed  mostly  in  patients  who  are  candidates  for  coronary  bypaSB  surgery  :  in  these  patients,  the 
diagnosis  of  CAD  has  always  been  established  first  from  non-invasive  data  .  As  far  as  the  diagnosis 
of  CAD  itself  is  concerned,  the  place  of  coronary  arteriography  is  very  small  and  it  is  indicated 
only  in  those  few  subjects  whose  diagnosis  is  mandatory  but  remains  unclear  after  use  of  all  avai¬ 
lable  non-invasive  methods  . 

Among  non- invasive  diagnostic  methods,  we  will  examine  the  role  of  the  history,  the  value  of 
the  exertional  ECG  and  the  additional  information  given  by  Thallium  scintigraphy  and  radionuclide 
angiography  . 

1.  IMPORTANCE  OF  THE  HISTORY 

Before  testing  a  patient,  his  history  will  always  be  taken  carefully  since  it  brings  important 
diagnostic  informations  (10,14,16,1  8,34,44).  The  prevalence  of  CAD,  also  expressed  as  the  pretest 
likelihood  ratio,  is  indeed  clearly  influenced  by  the  history  (table  1)  .  In  men,  coronary  lesions 


Table  1  -  Prevalence  of  coronary  artery  disease  in 

432  patients  studied  by  coronary  arteriography 
(13,  14,  27,  28,  29)  . 


History 

Men 

n  % 

Sex 

Women 
n  % 

Previous  MI 

145/145 

100 

46 

76-95 

No  Previous  MI  : 
Typical  AP 

152/164 

93 

14/26 

54 

Atypical  AP 

14/70 

20 

3/27 

11 

•  :  The  data  in  women  with  previous  MI  are  from  Welch  et  al.  (45)  . 

Ml  =  myocardial  infarction  ;  AP  =  angina  pectoris  . 

are  practically  always  present  when  there  is  a  history  of  previous  myocardial  infarction  -  MI  -  (33) 
in  such  cases,  the  exercise  test  has  per  se  no  diagnostic  value  and  it  will  be  performed  only  for 
functional  evaluation  or  detection  of  severe  coronary  lesions  (14)  .  In  the  absence  of  a  previous  MI, 
the  history  has  a  great  value  in  men  since  typical  anginal  complaints  are  associated  with  coronary 
lesions  in  more  than  90%  of  the  patients  while  significant  CAD  is  found  in  only  20%  of  the  patients 
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with  atypical  chest  complaints  (14,33,44,46)  .  In  women,  a  history  of  typical  angina  pectoris  (AP) 
has  a  limited  value  since  only  half  of  these  pitients  have  significant  CAD;  when  the  history  is 
atypical,  CAD  is  very  uncommon  in  women  (45)  .  As  logically  expected,  other  factors  such  as  the 
age  and  the  presence  of  risk  factors  also  considerably  influence  the  prevalence  of  the  disease  (16, 
17,  28)  . 

The  pre-testing  estimation  of  the  prevalence  of  the  disease  is  also  essential  in  the  interpre¬ 
tation  of  the  results  of  a  diagnostic  test  ;  according  to  the  Bayes  theorem,  a  low  prevalence  of  the 
disease  is  indeed  attended  by  a  high  incidence  of  false  positive  responses  while  a  high  prevalence 
of  the  disease  is  accompanied  by  a  high  incidence  of  false  negative  responses  (14,16,34). 

2.  DIAGNOSTIC  VALUE  OF  EXERCISE  ECG  . 

Exercise  testing  of  patients  suspected  of  CAD  is  based  on  the  observation  that  patients  with 
documented  CAD  often  develop  during  exercise  ECG  abnormalities,  namely  a  depression  and/or  an 
elevation  of  the  ST  segment  .  These  ECG  modifications  during  exercise  reflect  the  presence  of 
myocardial  ischemia  and  they  are  now  routinely  used  as  an  indirect  indication  of  the  presence  of 
significant  coronary  lesions  .  Since  patients  with  multivessel  CAD  and  critical  coronary  lesions 
often  exhibit  the  most  abnormal  responses  to  exercise,  it  is  logic  to  try  to  predict  the  severity  of 
CAD  from  the  data  collected  during  exercise  . 

Multistage  testing  with  a  low  initial  workload  and  subsequent  stepwise  increase  in  the  exercise 
intensity  should  be  recommended  ;  the  exercise  will  be  continued  until  the  onset  of  symptoms  or 
until  exhaustion  of  the  patients  .  These  tests  of  maximal  exercise  provide  the  most  complete  ECG 
information  and  they  also  allow  to  estimate  the  severity  of  the  symptoms  and  to  measure  the  phy¬ 
sical  working  capacity  ;  this  chapter  deals  only  with  this  type  of  maximal  exercise  tests  . 

The  diagnostic  value  of  exertional  ECG  will  be  reviewed  taking  into  account  recent  studies 
which  have  indicated  the  importance  of  clinical  data  -  sex,  classification  of  chest  pain  -  in  the 
interpretation  of  the  ECG  response  to  exercise  (10,14,16,18,34,44).  We  will  then  examine  the  con¬ 
tribution  of  exertional  ECG  to  the  non-invasive  prediction  of  the  extent  and  severity  of  CAD  .  All 
the  data  presented  in  this  paragraph  have  been  collected  in  432  patients  who  underwent  a  maximal 
exercise  test  and  an  arteriographic  study  (13,14,27,28,29);  CAD  was  defined  as  a  diameter  stenosis 
of  50%  of  at  least  one  major  coronary  vessel 

2.1.  Sensitivity  and  specificity  of  exercise  ECG  . 

The  best  ECG  criterion  for  the  diagnosis  of  CAD  is  the  onset  of  a  horizontal  ST  segment 
depression  ^0.1  mV  (12);  an  ST  segment  elevation  ^0.1  m V  is  also  a  reliable  criterion  but  it 
is  rarely  observed  in  the  absence  of  a  previous  MI  and  it  is  then  highly  suggestive  of  a  Prinzmetal 
syndrome  (15)  .  The  significance  of  a  slowly  upsloping  ST  segment  depression  is  still  unclear 
unless  the  ST  segment  remains  2  mm  below  the  baseline  0.  08  sec  after  the  J  point  (40)  . 


Table  2  -  Diagnostic  value  of  maximal  exercise  ECG  in 

patients  suspected  of  coronary  artery  disease  but 
without  previous  myocardial  infarction  (13,14,29). 


Men 
(n=  234) 
n  % 

Women 
(n=  53) 
n  % 

Sensitivity 

153/166 

92 

15/17  88 

Specificity 

53/68 

78 

29/36  81 

False  positives 

15/168 

9 

7/22  32 

False  negatives 

13/66 

10 

2/31  6 

Prevalence  of  CAD 

71  % 

32% 

In  our  experience,  the  sensitivity  of  the  exercise  ECG  is  ±  90%  while  its  specificity  is  ±  80%; 
these  numbers  which  reflect  the  true  diagnostic  value  of  exercise  ECG  are  similar  in  men  and  in 
women  (Table  2)  .  These  scores  are  higher  than  those  usually  reported  in  the  literature  for  several 
reasons  :  l)  use  of  a  maximal  exercise  test  rather  than  a  test  interrupted  at  80  -90%  of  the  predic¬ 
ted  maximal  heart  rate  ;  2)  recording  of  a  1 2  lead  ECG  rather  than  a  single  bipolar  V5  ;  3)  exclu¬ 
sion  of  all  patients  with  a  previous  MI;  4)  exclusion  of  patients  with  valvular  disease,  ECG  left 
ventricular  hypertrophy  or  bundle  branch  block  and  taking  drugs  known  to  influence  the  ECG  response 
to  exercise  . 

The  false  positive  ECG  responses  (table  2)  are  frequent  in  women  (32%)  and  this  finding  is 
likely  due  to  the  low  prevalence  of  CAD  among  women  (13,14)  .  These  responses  are  indeed  not 
characteristic  of  women  since  they  are  also  very  frequent  (50%)  in  men  with  atypical  complaints,  a 
group  of  patients  with  a  low  prevalence  of  CAD  (20%)  . 

The  false  negative  ECG  responses  are  seen  mostly  in  patients  with  a  high  prevalence  of  CAD; 
in  men  with  typical  AP,  56%  of  the  negative  responses  to  exercise  are  falsely  negative  (14,44). 


These  figures  would  still  have  been  much  higher  if  patients  taking  beta-blockers  had  not  been  ex¬ 
cluded  (37)  . 


2.  2.  Combination  of  history  and  exercise  ECG  . 

In  men  with  typical  anginal  complaints,  the  exercise  ECG  is  most  often  positive  (table  3)  and 
this  abnormal  response  is  an  important  confirmation  of  the  clinical  diagnosis  (97%  of  true  positives); 
in  these  patients  a  negative  response  to  exercise  is  difficult  to  interpret,  due  to  the  many  false 


Table  3  -  Combination  of  history  and  maximal  exercise  ECG  in  234  men  suspected  of 
coronary  artery  disease  but  without  previous  myocardial  infarction  (14,29)  . 


History 

— 

Exercise  ECG 

n 

Incidence  of  CHD 

n  % 

False  False 

pos.  neg. 

%  % 

Angina  pectoris  16 

^  Abnormal  148 

»  Normal  16 

143  97 

9  56 

3 

56 

Abnormal  20 

‘  Normal  50 

10  50 

4  8 

50 

8 

negative  responses  to  exercise  (56%)  .  In  men  with  atypical  complaints,  the  exercise  ECG  is  usu¬ 
ally  normal  and  this  response  is  attended  by  a  very  low  probability  of  CAD  (92%  of  true  negatives); 
but  in  these  patients  an  abnormal  response  to  exercise  has  no  diagnostic  value  since  50%  of  these 
responses  are  falsely  positive  (14,19,20,44).  The  same  comments  apply  to  the  women  where  the 
significance  of  the  ECG  response  is  also  determined  by  the  prevalence  of  the  disease  (13,14,44) 


Table  4  -  Schematic  approach  of  the  diagnosis  of  coronary  artery 
disease  . 


History 

Exercise  test 

Is  CAD  likely  ? 

Abnormal 

Normal 

Yes 

Disease  confirmed 

? 

No 

? 

Disease  excluded 

Table  4  summarizes  the  diagnostic  information  provided  by  exercise  ECG  and  emphasizes  the 
importance  of  the  history  .  This  schematic  presentation  should  not  make  overlook  other  important 
data  provided  by  exercise  testing,  namely  the  degree  of  the  ECG  abnormalities,  the  onset  of  AP 
during  the  test  itself,  a  low  maximal  heart  rate,  a  low  exercise  capacity,  a  poor  blood  pressure 
response,  etc.  .  .  :  all  these  findings  enhance  the  probability  of  CAD  but  their  sensitivity  is  lower 
than  that  one  of  an  ST  segment  depression  ^,0.1  mV  . 

2.3.  Prediction  of  extent  and  severity  of  CAD  . 

The  prognosis  of  CAD  is  determined  by  the  number  of  diseased  vessels  and  by  the  extent  of 
myocardial  damage  (7)  ;  since  coronary  arteriography  cannot  be  performed  routinely  in  all  sympto¬ 
matic  patients,  it  is  important  to  identify  non-invasively  the  patients  who  have  the  most  severe 
lesions  and  could  eventually  benefit  from  coronary  bypass  surgery  .  These  patients  are  those  with 
a  left  main  disease  (LMD)  and  possibly  those  with  a  multivessel  disease  (MVD).  The  interest  of 
maximal  exercise  tests  in  men  will  be  reviewed  in  that  perspective;  but,  it  is  clear  that  the  final 
decision  to  perform  an  arteriographic  study  and  to  bypass  varies  from  an  institution  to  another  and 
is  mainly  determined  by  the  "surgical  or  non-surgical"  attitude  of  the  medical  staff  . 

2.3.1.  After  a  myocardial  infarction  . 


Men  with  a  previous  MI  always  have  significant  coronary  lesions  although  a  large  subset  of 
these  patients  have  stenotic  rather  than  occlusive  lesions  (2,15,28,33);  after  MI,  the  majority  (79%) 
of  the  patients  have  MVD  . 

The  response  to  exercise  in  chronic  stable  MI  (2  months  or  more  after  Ml)  is  determined  by 
the  extent  of  the  disease  (table  5)  ;  the  maximal  heart  rate  and  the  maximal  workload  (physical 
capacity)  are  highest  in  patients  with  single  VD  and  lowest  in  patients  with  3  VD  (27)  .  Also  AP 
during  exercise  (10%)  and  ST  segment  depression  (23%)  are  uncommon  in  single  VD  and  frequent 
in  patients  with  2  and  3  VD  ;  When  present,  the  ST  segment  depression  is  minimal  in  single  VD 
but  important  in  patients  with  2  or  3  VD  .  It  is  thus  obvious  that  an  abnormal  response  to  exercise 
is  suggestive  of  severe  CAD  but,  unfortunately,  the  patients  with  2  or  3  VD  cannot  be  distinguished 
from  each  other  ,  also,  the  patients  with  LMD  cannot  be  separated  from  the  other  patients  with 
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Table  5  -  Maximal  exercise  data  in  145  men  with  a  previous  myocardial  infarction  (14,  27) 


1  VD 
(n  =  30) 

Coronary  arte riography 

P  2  VD  p 

P  (n  =  49)  P 

3  VD 
(n  =  66) 

Heart  rate  (bpm) 

160 

0.  02 

146 

NS 

1  39 

Workload  (Watts) 

168 

0.  02 

146 

NS 

1  38 

Angina  (%) 

10 

0.  05 

41 

0.  01 

67 

ECG  :  -  Normal 

(%) 

37 

NS 

18 

NS 

12 

-  ST  ^  +  0.  1  mV  *** 

(%> 

40 

NS 

20 

NS 

11 

-  ST  ^  -  0.  1  mV*2* 

(%) 

23 

0.  005 

61 

NS 

77 

-  ST  depression 

(mm) 

0.  7 

0.  005 

2.  1 

NS 

2.  4 

(1)  Isolated  ST  segment  elevation 

(2)  ST  segment  depression  with  or  without  reciprocal  ST  elevation  . 


2  or  3  VD. 

Multivessel  disease  after  MI  can  adequately  be  predicted  from  an  abnormal  response  to  exer¬ 
cise  (18,22,28)  .  The  predictive  value  for  MVD  (%  of  true  positives,  i.  e.  %  of  patients  with  the 
given  response  who  have  MVD)  is  indeed  93%  when  the  response  to  exercise  is  abnormal  (table  6)  . 
In  order  to  eventually  increase  the  predictive  value  of  exercise  testing  for  MVD,  progressively  more 
abnormal  and  less  frequent  findings  have  been  listed  in  table  6  :  they  go  from  an  ST  segment  depres 
sion  ^0.1  mV  to  the  association  of  exertional  induced  AP  with  an  ST  segment  depression  ^.0.  3  mV 
The  predictive  value  of  an  abnormal  response  to  exercise  increases  with  the  degree  of  the  required 
abnormality  :  it  is  100%  when  AP  is  associated  to  an  ST  segment  depression  ^  0.  3  mV  .  However, 
this  type  of  abnormality  is  very  uncommon  (26  patients  only)  and  75%  of  the  patients  with  MVD  do 
not  exhibit  it  (75%  of  false  negatives)  . 


Table  6  -  Detection  of  multivessel  disease  (n  =  115)  from  maximal  exercise 
data  in  145  men  with  a  previous  myocardial  infarction  (14,27)  . 


Exercise  response 

n 

True 

% 

positive  s 

n 

False 

% 

negatives 

n 

Abnormal  response*** 

100 

93 

93 

49 

22 

ST  ^-0.  1  mV*2* 

88 

92 

81 

60 

34 

AP 

67 

96 

64 

65 

51 

AP  and  ST^-0.  1  mV 

53 

96 

51 

69 

64 

ST  ^  -0.  3  mV 

44 

98 

43 

71 

72 

AP  and  ST  ^-0.  3  mV 

26 

100 

26 

75 

89 

History  of  AP 

80 

87 

70 

56 

45 

(1)  AP  and/or  ST  depression  >-0.1  mV  ;  strictly  isolated  ST  segment 


elevations  considered  here  as  a  "normal"  response  . 

(2)  Includes  patients  with  a  "reciprocal"  ST  segment  depression  . 

A  normal  response  to  exercise  after  MI  does  not  rule  out  MVD  since  49%  of  the  patients  with 
this  response  have  MVD  (table  6)  ;  in  this  table,  the  definition  of  a  normal  response  is  rather  wide 
since  it  includes  patients  with  an  isolated  ST  segment  elevation  .  A  strictly  normal  response  to 
exercise  (no  AP  and  no  ST  changes)  is  still  less  frequent  after  MI  (16%  of  the  present  group)  :  this 
normal  response  remains  difficult  to  interpret  since  half  of  the  patients  have  a  single  VD  and  half 
have  MVD  (9,  27,  31)  . 

An  ST  segment  elevation  is  commonly  observed  during  exercise  testing  of  post-MI  patients,  th.s 
abnormality  is  highly  specific  (96%)  for  the  existence  of  severe  myocardial  damage  (akinetic  or  dys- 
kinetic  ventricular  zones)  but  it  is  not  a  very  sensitive  sign  -  43%  -  (14,27,38)  .  This  ECG  respons 
can  be  isolated  or  associated  to  a  reciprocal  ST  segment  depression  ;  when  it  is  isolated,  the  ST 
segment  elevation  is  frequently  associated  to  a  single  vessel  disease  (41  %)  .  On  the  other  hand,  the 
combination  of  ST  segment  depression  and  elevation  is  highly  suggestive  of  MVD  -  100%  -  (27,43). 

After  MI,  55%  of  the  patients  are  complaining  of  angina  pectoris  ;  the  predictive  value  of  an 
history  of  AP  is  87%  (table  6)  and  thus  less  than  the  predictive  value  of  the  data  collected  during 
exercise  testing  (27)  . 

In  summary,  MVD  is  frequent  after  MI  and  exercise  testing  is  very  useful  for  its  detection  ; 
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an  abnormal  response  to  exercise  is  observed  in  approximately  2/3  of  all  post-Ml  patients  and 
from  those,  93  have  MVD  The  probability  of  a  more  extensive  CAD  increases  with  the  degree  of 
the  observed  abnormality  but  very  abnormal  findings  are  unfrequen*  and  therefore  lack  sensitivity  , 
also,  from  exercise  data,  is  it  impossible  to  separate  the  patients  with  2  VD  from  those  with  3  VD. 
After  Ml,  a  normal  response  to  exercise  does  not  allow  any  firm  conclusion  except  that  MVD  is 
present  in  r  50%  of  the  patients  . 

2.  3.  2.  Symptomatic  patients  without  previous  Ml  . 

Atypical  complaints 

In  male  patients  with  atypical  complaints,  the  probability  of  significant  coronary  lesions  is  low 
(20%,  table  1)  and  consequently,  severe  coronary  lesions  are  uncommon  (10,14,17,44);  in  a  group 
of  70  such  patients.  8  ('1%)  had  a  single  VD,  6  (9%)  had  MVD  and  none  had  LMD  .  Due  to  the 
high  incidence  of  false  positive  ECG  responses  in  this  group  (table  3),  an  abnormal  response  to 
exercise  does  not  allow  io  predict  correctly  nor  the  presence,  nor  the  extent  of  CAD  ,  On  the  other 
hand,  in  men  with  atypical  AP.  a  normal  ECG  response  to  exercise  is  rarely  associated  to  signifi¬ 
cant  coronary  lesions  (8%.  table  3)  and  in  these  cases,  MVD  is  exceptional  (only  1  out  of  50  patients) 

Typical  angina  pectoris  . 

In  male  patients  with  typical  AP,  a  single  VD  is  rather  uncommon  (19%)  and  the  majority  of 
these  patients  have  a  double  (33%)  or  a  triple  (41%)  vessel  disease  (table  7)  .  The  prevalence  of 
MVD  is  therefore  high  (74%)  in  these  patients  and  a  simple  history  of  typical  AP  has  a  good  predic¬ 
tive  value  for  the  presence  of  MVD  ,  the  probability  of  having  MVD  also  increases  with  the  age  of 
the  patient  and  the  duration  of  it6  symptoms  (14,44,46)  . 


Table  7  -  Maximal  exercise  data  in  164  men  with  typical  angina  pectoris  but  no  previous 
myocardial  infarction  (14,29)  . 


Normal 
(n  =  12) 

P 

Coronary  arteriography 

1  VD  2  VD 

(n  =  31 )  (n  =  54) 

P 

3  VD 
(n  =  67) 

Heart  rate  (bpm) 

167 

0.  05 

149 

NS 

143 

NS 

1  37 

Workload  (Watts 

201 

0.  02 

165 

0.  001 

139 

NS 

1  39 

Angina  (%) 

33 

NS 

52 

0.  01 

81 

NS 

79 

ECG  :  -  Normal 

(%) 

58 

0.  005 

1  3 

NS 

2 

NS 

8 

-  ST  -0.  1 

no  V  ( % ) 

42 

0.  01 

87 

NS 

98 

NS 

91 

-  ST  depression  (mrr) 

_ 

-0.  7 

0.  01 

-1 .  8 

0.  005 

-2.  7 

NS 

-2.  6 

The  response  to  exercise  of  these  patients  with  AP  appears  to  be  also  determined  by  the  seve¬ 
rity  of  CAD  (table  7)  ;  as  far  as  maximal  heart  rate,  maximal  workload,  incidence  of  AP  and  im¬ 
portance  of  the  ST  segment  changes  are  concerned,  the  data  become  more  abnormal  when  one  goes 
from  patients  with  1  VD  to  patients  with  3  VD  .  This  trend  is  however  less  clear  than  it  was  in 
the  patients  with  a  previous  MI  (table  5)  ;  particularly,  the  incidence  of  ST  segment  abnormalities 
is  similar  in  all  groups  .  Also,  as  previously  noted  in  patients  with  a  previous  MI,  the  response 
to  exercise  of  patients  with  2  VD  is  similar  to  the  response  of  patients  with  3  VD  ;  the  information 
provided  by  exercise  testing  can  therefore  be  used  only  for  the  prediction  of  MVD  and  not  for  the 
separation  of  patients  with  2  and  3  VD  . 

Table  8  -  Detection  of  multivessel  disease  (n  =  121)  from  maximal  exercise 
data  in  164  men  with  typical  angina  pectoris  but  no  previous 
myocardial  infarction  (14,29)  . 


Exercise  response 

n 

True 

% 

positives 

n 

False 

% 

negatives 

n 

AP  and/or  ST  ^  -0.  1  mV 

155 

76 

1 1  8 

33 

3 

ST  ^  -0.  1  mV 

146 

78 

114 

39 

7 

AP 

117 

83 

97 

51 

24 

AP  and  ST  ^  -0.  1  mV 

1  14 

82 

93 

56 

28 

ST  >  -0.  2  mV 

1  1 1 

83 

92 

55 

29 

ST  ^  -0.  3  mV 

63 

83 

52 

68 

69 

HR^  135  bpm 

59 

86 

51 

67 

70 

AP  and  ST  >  -0.  3  mV 

53 

85 

45 

68 

76 

WL  <  120  Watte 

39 

90 

35 

69 

86 

History  of  AP 

1  64 

74 

1  21 

- 

- 
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In  patients  with  typical  AP,  the  most  commonly  observed  abnormality  is  an  ST  segment  depres¬ 
sion  *>  0,  1  mV  ;  the  predictive  value  lor  MVD  (%  of  true  positives)  of  this  abnormality  is  only  78% 
(table  8)  while  it  was  92%  in  patients  with  a  previous  MI  .  This  means  that  among  anginal  patients 
with  an  ST  segment  depression  ^  0.  1  mV,  78%  have  MVD  while  22%  have  a  single  VD  ;  this  abnor¬ 
mality  is  however  very  sensitive  to  MVD  since  it  is  present  in  94%  of  the  patients  with  MVD  but  it 
is  poorly  specific  since  it  is  present-  in  74%  of  the  patients  with  single  VD  or  normal  coronary 
arteries  .  The  predictive  value  for  MVD  of  more  severe  abnormalities  increases  with  the  degree  of 
the  abnormality  (table  8)  while  simultaneously,  the  incidence  of  false  negative  responses  increases 
markedly  (24,25)  ;  the  trend  is  the  same  as  in  patients  with  a  previous  Ml  but  here,  the  predictive 
value  remains  low  and  never  reaches  100%  .  From  a  practical  point  of  view,  the  best  predictor  for 
MVD  is  simply  a  history  of  angina  pectoris  . 

It  is  therefore  difficult  to  predict  accurately  and  in  a  significant  proportion  of  these  patients 
the  presence  of  MVD  ;  this  situation  is  due  to  the  fact  that  many  patients  with  a  single  VD  have  an 
abnormal  response  to  exercise  .  Among  these  patients  with  a  single  VD  and  an  abnormal  response 
to  exercise,  60%  have  significant  lesions  of  the  left  anterior  descending  artery  and  their  response 
to  exercise  is  similar  to  that  one  of  other  patients  with  single  VD  . 

In  patients  with  typical  AP,  a  negative  response  to  exercise  is  difficult  to  interpret  Bince 
among  such  patients,  39%  still  have  MVD  (table  8)  . 

An  ST  segment  elevation  is  rarely  found  in  patients  with  AP  but  no  previous  MI  ;  this  abnor¬ 
mal  finding  has  been  observed  in  only  11  cases,  i.  e.  7%  of  the  patients  .  In  every  such  case,  the 
ST  segment  elevation  was  attended  by  an  ST  segment  depression  in  reciprocal  leads  .  These  res¬ 
ponses  are  mostly  found  in  patients  suffering  from  variant  AP  (15)  and  in  our  patients  they  were 
always  attended  by  significant  coronary  lesions  ;  the  spastic  origin  of  these  ECG  abnormalities  has 
been  suggested  and  demonstrated  in  a  few  cases  (47)  . 

In  summary  ■  patients  with  AP  but  no  previous  MI  have  MVD  in  ±  75%  of  the  cases  and  single 
VD  in  ±  20%  of  the  cases  .  Because  anginal  patients  with  a  single  VD  often  respond  abnormally  to 

exercise,  it  is  difficult  to  predict  accurately  the  presence  of  MVD  from  an  abnormal  response  to 

exercise  .  Also,  in  anginal  patients,  a  normal  response  to  exercise  does  not  permit  to  rule  out 
MVD  since  it  is  present  in  40%  of  these  negative  responders  .  As  in  patients  with  a  previous  MI  , 

exercise  testing  of  angina  patients  cannot  separate  the  patients  with  2  VD  from  those  with  3  VD  . 

In  groups  of  symptomatic  patients,  the  exercise  testing  data  do  not  provide  much  more  information 
for  the  prediction  of  MVD  than  the  data  given  by  the  history  (i.  e.  the  presence  or  the  absence  of 
typical  AP)  ;  in  an  individual  patient  however,  the  probability  of  having  MVD  increases  drastically 
with  the  importance  of  the  abnormalities  induced  by  exercise  . 

2.  3.  3.  Left  main  disease  . 


The  prognosis  of  LMD  is  very  poor  (2)  and  these  patients  should  be  detected  since  their  symp¬ 
toms  and  survival  are  improved  by  coronary  artery  bypass  surgery  (8)  . 

Among  patients  suffering  from  AP  (no  previous  MI),  30  patients  (18%)  had  a  significant  lesion 
of  the  left  main  artery  ;  8  of  these  patients  had  a  2  VD  and  22  had  a  3  VD  .  After  MI,  16  patients 
(11%)  had  a  left  main  stenosis  and  they  had  all  a  3  VD  .  Among  symptomatic  patients  (AP  or  Ml), 

the  frequency  of  LMD  is  thus  about  15%  (10,29)  ■  ThiB  frequency  is  much  higher  than  usually  repor¬ 

ted  (3.  6%)  but  on  one  hand,  our  series  includes  only  those  patients  who  had  both  an  exercise  test 
and  an  angiographic  study  and  on  the  other  hand,  we  have  excluded  patients  with  atypical  complaints, 
valvular  disease  or  cardiomyopathies  . 

The  data  collected  during  exercise  in  LMD  patients  are  the  most  abnormal  (11,29)  but  none  of 
the  parameters  differ  significantly  from  the  data  collected  in  patients  with  2  or  3  VD  .  From  their 
average  response  to  exercise,  these  patients  cannot  therefore  be  distinguished  within  the  group  of 
patients  with  MVD  (29)  .  From  a  clinical  point  of  view,  LMD  is  more  likely  in  those  patients  with 
the  most  abnormal  response  to  exercise  but,  as  for  MVD,  any  increase  in  the  predictive  accuracy 
will  be  attended  by  a  drastic  increase  in  the  incidence  of  false  negative  responders  . 

3.  NUCLEAR  CARDIOLOGY  . 

During  the  last  10  years,  exercise  testing  has  increasingly  been  combined  with  radionuclide 
imaging  of  the  heart  ;  this  recent  development  has  significantly  contributed  to  a  better  non-invasive 
evaluation  of  the  coronary  circulation  .  Two  methods  are  now  available,  namely  the  post-exercise 
myocardial  Thallium  scintigraphy  and  the  gated  blood-pool  radionuclide  angiography  . 

3.  1 .  Thallium  scintigraphy  . 

Thallium^* is  an  analog  to  the  potassium  ,  the  major  intracellular  cation  .  After  intravenous 
injection,  Thallium^®*  is  taken  up  by  the  myocardium  and  its  distribution  within  the  left  ventricular 
wall  precisely  reflects  the  distribution  of  coronary  blood  flow  .  The  unperfused  areas  (old  myocar¬ 
dial  infarction)  do  not  fix  any  tracer  and  they  appear  as  a  defect  on  the  scintigraphic  image  .  The 
transient  myocardial  ischemia  induced  by  exercise  is  attended  by  a  relative  decrease  in  coronary 
blood  flow  within  the  ischemic  zones  :  these  zones  have  a  relatively  lower  myocardial  uptake  of 
Thallium^Ol  and  on  the  scintigraphic  image,  they  appear  as  a  zone  of  hypofixation  or  even  as  a 
defect  .  The  localisation  of  these  hypoperfused  areas  permits  to  predict  the  localization  of  the 
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coronary  stenotic  lesions  .  This  myocardial  hypofixation  of  Thallium  persists  during  one  hour  after 
exercise  and  progressively  disappears  afterwards  :  the  scintigrams  recorded  a  few  hours  later  are 
similar  to  those  obtained  at  rest  (redistribution  imaging;  3)  . 

Thallium^*  (1.5  to  2  millicuries)  has  to  be  injected  one  minute  before  the  end  of  the  exercise 
test  and  scintigraphic  images  are  usually  recorded  in  three  positions  ;  anterior,  left  oblique  anterior 
45°  and  left  lateral  .  Each  image  is  divided  in  several  segments  which  correspond  to  the  several 
regions  of  the  left  ventricular  wall  .  The  visual  analysis  of  the  polaroid  images  is  sufficient  for 
clinical  purposes  but  several  computer  programs  for  acquisition  of  the  data,  display  and  analysis 
are  now  available  (26)  . 

3.1.1.  Sensitivity  and  specificity  of  exercise  myocardial  scintigraphy  . 

The  sensitivity  of  Thallium^*  scintigraphy  is  between  75  and  80%  (table  9)  and  in  many 
studies  similar  to  the  sensitivity  of  the  exercise  ECG  ;  noteworthy,  myocardial  scintigraphy  can  be 
interpreted  in  presence  of  an  abnormal  resting  ECG  (bundle  branch  block,  left  ventricular  hyper¬ 
trophy,  .  .  .  )  . 


Table  9  -  Thallium  exercise  scintigraphy,  exercise  ECG  and  their  combination  in  the 
diagnosis  of  coronary  artery  disease  . 


Authors 

Number 

of  cases 

Sensitivity  ( %) 

Thallium  ECG  Thallium 
and  ECG 

Specificity  (%) 

Thallium  ECG 

Ritchie  et  al.  (36) 

101 

76 

65 

91 

92 

84 

Hamilton  et  al.  (21) 

137 

77 

66 

90 

93 

83 

Verani  et  al.  (42) 

82 

79 

88 

94 

97 

62 

Turner  et  al.  (41) 

75 

68 

71 

85 

97 

79 

Melin  et  al.  (30) 

110 

88 

75 

96 

87 

75 

The  high  specificity  (±95%)  of  stress  myocardial  scintigraphy  is  the  major  advantage  of  this 
diagnostic  approach  (21,36,41,42)  . 

3.1.2.  Combination  of  history,  exercise  ECG  and  scintigraphy  . 

A  myocardial  scintigraphy  should  always  be  interpreted  taking  into  account  the  additional  infor¬ 
mation  provided  by  exercise  testing,  namely  the  ECG  abnormalities  and  the  complaints  during  the 
test  :  this  approach  increases  the  sensitivity  of  exercise  testing  up  to  90  to  95%  without  any  loss 
in  specificity  (table  9)  . 

Table  10  -  Incidence  of  CAD  according  to  the  history  and  the 
maximal  exercise  ECG  and  scintigraphic  data  in  89 
men  suspected  of  coronary  artery  disease  but  without 
previous  myocardial  infarction  (30)  . 


Angina 

pectoris 

(n  =  65) 

Atypical 

complaints 

(n  =  24) 

History 

91 

12 

Exercise  data 

T+ 

98 

40 

E+ 

96 

40 

T- 

58 

5 

E- 

78 

5 

T- 

E- 

50 

0 

T- 

E+ 

67 

25 

T+ 

E- 

92 

25 

T+ 

E+ 

100 

100 

T  -  Thallium^'  scintigraphy  ;  E  =  exercise  ECG; 

+  and  -  refer  to  an  abnormal  or  normal  response  to  the  test. 


The  prevalence  of  CAD  ,  which  is  mainly  determined  by  the  sex  and  the  characteristics  of  the 
complaints  (typical  angina  pectoris  or  atypical  complaints),  also  influences  the  data  provided  by 


u 


1-8 


Thallium  scintigraphy  (21,30)  .  When  the  complaints  are  typical  of  angina  pectoris,  an  abnormal 
ECG  or  an  abnormal  scintigraphy  are  highly  predictive  of  CAD  (table  10)  ;  when  both  tests  are 
abnormal,  100%  of  angina  patients  have  significant  CAD  .  In  these  anginal  men,  a  normal  response 
to  exercise  testing  has  no  diagnostic  value  since  CAD  is  still  present  in  50%  of  the  patients  with  a 
normal  ECC  combined  to  a  normal  scintigraphy  ;  part  of  these  false  negative  scintigraphies  are 
explained  by  a  generalized  hypoperfusion  due  to  severe  lesions  of  the  three  vessels  . 

In  presence  of  atypical  chest  pain  (low  prevalence  of  CAD)  a  normal  response  to  exercise 
testing  has  a  great  diagnostic  value  and  CAD  is  never  found  when  both  ECG  and  the  scintigraphy 
are  normal  (table  10)  .  In  these  patients,  an  abnormal  response  to  exercise  testing  has  a  low  pre¬ 
dictive  value  except  when  both  tests  are  abnormal  (30)  . 

3.1.3.  Prediction  of  the  localisation  of  coronary  lesions  . 

Several  studies  have  demonstrated  a  significant  relationship  between  the  localization  of  the 
scintigraphic  abnormalities  and  the  localization  of  the  coronary  lesions  (23,  35)  .  ThiB  finding  is  a 
major  contribution  of  Thallium^Ol  scintigraphy  :  the  predictive  value  is  good  for  the  left  anterior 
descending  artery  ,  intermediate  for  the  right  coronary  artery  and  poor  for  the  left  circumflex 
artery  . 

3.  2.  Exercise  radionuclide  angiography  . 

The  global  or  regional  left  ventricular  function  can  be  studied  by  imaging  the  cardiac  blood 
pool  after  its  labelling  with  a  radioactive  tracer  (Technetium)  .  The  cyclic  variation  in  intra- ventri¬ 
cular  volume  permits  to  measure  the  ejection  fraction  from  a  time-activity  curve  of  the  left  ventri¬ 
cular  region  ;  by  sophisticated  computer  processing  of  the  data,  it  is  possible  to  obtain  images  at 
different  intervals  within  the  cardiac  cycle  and  So  to  analyse  the  wall  motion  (39)  . 

3.2.1.  Ejection  fraction  . 

In  normal  subjects,  the  left  ventricular  ejection  fraction  increases  from  rest  to  maximal 
exercise  (4)  .  In  CAD  patients,  the  ejection  fraction  is  often  normal  at  rest  but  it  does  not  increase 
or  even  decreases  during  maximal  exercise  :  this  abnormal  ejection  fraction  during  exercise  is  highly 
sensitive  for  CAD  (±95%)  but  this  is  a  poorly  specific  sign  since  it  is  also  observed  in  all  diseases 
affecting  the  left  ventricular  function  (valvular  disease,  hypertension,  cardiomyopathies,...;  5.6)  . 

3.  2.  2.  Ventricular  wall  motion  abnormalities  . 

The  onset  during  exercise  of  a  localized  abnormal  wall  motion  is  a  very  sensitive  sign  of 
CAD  (±90%)  and  it  permits  to  predict  the  localization  of  the  coronary  lesions  (1,4,22)  .  Normal 
subjects  practically  never  show  such  abnormalities  and  such  findings  are  therefore  highly  specific 
of  CAD  ;  as  for  ejection  fraction,  this  high  specificity  is  obtained  only  when  all  patients  with  val¬ 
vular  or  myocardial  disease  are  excluded  from  the  calculations  (1,4,22)  .  Anyhow,  one  can  except 
that  in  the  future,  the  combination  of  gated  blood  pool  studies  with  exercise  ECG  will  further  im¬ 
prove  the  non-invasive  evaluation  of  the  coronary  circulation  . 
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The  official  regulations  are  the  juridical  ba6e  of  all  our  medical  decisions  concerning  fitness 
for  flying  duties.  More  and  more  frequently,  the  applicants  and  the  trained  flyers,  when 
declared  unfit,  do  not  hesitate  to  introduce  claims  againet  these  medical  decisions  of  un¬ 
fitness.  It  may  be  that  it  is  in  accordance  with  the  atmosphere  of  contestation  or  revolt  of 
our  time.  Any  deviation  from  the  juridical  text6  i6  exploited  by  lawyers.  Therefore,  we  have 
good  medical  and  juridical  reasons  to  direct  our  attention  on  these  regulations. 


In  197^ ,  at  the  request  of  the  AGARD  Aerospace  Medical  Panel,  I  have  been  asked  to  undertake  a 
comparative  study  on  the  current  standards  for  assessing  fitness  for  flying  duties  in  the 
Air  Forces  of  the  North  Atlantic  Treaty  Countries.  1  received  the  official  regulations  from 
seven  countries.  For  various  reasons,  the  regulations  concerning  standards  of  fitness  for 
flying  duties  applicable  to  military  flying  personnel  in  the  other  countries  represented  in 
AGARD  were  not  available  in  due  time.  It  ha6  been  said  or  written  to  me  that  these  regulations, 
most  of  them  twenty-five  years  old,  were  at  that  time  under  revision  by  the  authorities  of  the 
countries  concerned. 

Although  the  ideal  scope  of  such  a  comparative  6tudy  would  have  been  a  report  on  all  the 
military  requirements  for  fitness  for  flying  duties  in  force  in  all  the  NATO  countries,  it  is 
believed  that  the  gaps  resulting  from  this  situation  will  not  greatly  detract  from  its 
practical  conclusions.  After  three  years  of  study  on  thi6  very  complex  matter,  the  result  has 
been  published  in  1977.  in  the  form  of  an  Agardograph,  in  English  and  in  French  :  Agardograph 
N°  213*  "Comparative  study  of  regulations  on  standards  of  medical  fitness  for  flying  duties  in 
nine  Air  Forces  covering  seven  countries  of  the  North  Atlantic  Treaty  Organization."  We  are 
now  in  19^0.  It  may  be  that  during  the  period  between  the  beginning  of  the  study  and  to-day, 
important  modifications  have  been  brought,  in  some  countries,  to  some  points  I  intend  to 
discuss.  If  it  is  so,  it  will  be  a  good  opportunity  for  some  of  you,  t->  give,  after  my  conciee 
presentation,  a  complement  of  documentation  concerning  texts  which  have  been  added  or 
completely  modified  since  1975* 

My  present  objective,  during  this  short  presentation,  is  to  indicate  the  main  lines  of  the 
content  of  the  Chapter  IV  of  the  Agardograph  N°  213,  so  that  you  may  obtain  -  it  is  my  hope  - 
a  clear  view  of  the  official  regulations,  as  they  were  five  years  ago  and  as  they  are  very 
likely  to-day,  concerning  the  fitness  for  flying  duties  in  matters  regarding  the  cardio  - 
vascular  Bystem.  Are  they  still  valid  in  all  details  ?  Are  they  uncompleted  ?  Is  it  a  need 
for  modifications  or  complements  in  some  aspects  ?  I  think  that  it  is  a  go^d  subject  for  your 
discussions.  My  objective  is  to  present  a  synthesis  of  the  official  «nd  juridical  base  of  any 
decision  concerning  fitness  or  unfitness  for  flying  duties,  in  the  cardio-vascular  field  : 
a  terrible  power  in  your  hands,  considering  the  consequences  for  the  future  of  the  carreer 
of  a  pilot. 


GENERAL  PRINCIPLES 

1.  All  the  regulations  require  the  circulatory  system  to  be  sound,  as  checked  by  clinical ,  radiological 
and  electrocardiographic  examination. 

2.  An  electrocardiographic  trace  in  all  the  peripheral  and  precordial  derivations  is  required  both 
for  the  initial  examination  and  at  each  subsequent  periodic  examination. 

Only,  the  Canadian  regulations  are  less  exacting  :  an  electrocardiogram  is  required  : 

(a)  on  enrolment 

(b)  every  four  years  up  to  the  age  of  35 

(c)  every  year  after  the  age  of  35 


3.  Teleradiography  of  the  heart  is  required  if  there  is  any  appreciable  enlargement  of  the  cardiac 
area,  a6  revealed  by  a  clinical  or  X-ray  examination. 

The  American,  Canadian  and  Belgian  regulations  state  that  subjects  whose  transverse  cardiac 
diameter  exceeds  the  normal  value  by  more  than  must  be  disqualified. 


Aircrew  applicants  and  aircrew  in  service  undergo  special  examinations  and  exercice  tests  to 
enable  the  cardiac  functional  responses  to  be  assessed  -  Why  ? 

Under  the  French  regulations,  these  responses  must  be  distinctly  satisfactory  and  compatible  with 
prolonged  physical  exertion,  even  at  altitude.  Under  the  Belgian  regulations,  they  must  be  such  as  to 
enable  subjects  to  withstand,  without  difficulty  any  exacting  conditions  resulting  from  flying.  The  German 
regulations  require  these  responses  to  show  that  the  heart  la  capable  of  withstanding  high  stress  loads. 
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tor  this  purpose,  a  few  tests  are  laid  down  in  all  the  regulations,  but  the  latter  rarely  indicate 
the  interpretation  to  be  placed  on  the  results  of  such  tests  in  order  to  reach  a  decision  in  regard  to 
fitness  or  unfitness  for  flying  duties. 

In  actual  fact,  the  techniques  of  the  tests  and  the  interpretation  of  the  results  are  more  frequently 
dealt  with  in  special  technical  instructions.  A  description  of  the  various  tests  currently  used  by  the 
medical  services  of  the  NATO  Air  Forces  to  assess  the  cardiovascular  function  in  applicants  for  aircrew 
duties  or  in  aircrew  members  has  been  given  in  Agardograph  N°  196 *  published  in  December  1974,  under  the 
direction  of  Professor  A.  SCANO,  to  which  reference  should  be  made. 

5.  All  the  regulations  give  a  more  or  less  detailed  list  of  the  diseases  constituting  grounds  for 
disqualification  :  the  presence  of  such  diseases  means  that  the  circulatory  system  no  longer  meets  the 
basic  requirement  prescribing  that  the  system  should  be  organically  and  functionally  60und. 

Such  a  list  provides  an  opportunity  of  indicating  any  authorized  departures  from  the  regulations 
or  the  precautions  to  be  taken  because  of  the  existence  of  a  past  history  of  such  diseases. 

We  intend  to  consider,  first,  the  selection  examination  of  applicants  and,  after  that,  the  periodic 
medical  examination  of  aircrew. 


A.  SELECTION  EXAMINATION  OF  APPLICANTS  OR  INITIAL  EXAMINATION. 

We  will  consider  : 

1.  The  factors  on  which  an  assessment  of  the  cardiovascular  function  is  based. 

2.  A  list  of  groups  of  diseases  providing  grounds  for  unfitness  for  flying  duties,  in  the 
selection  examination. 

1 .  Factors  on  which  an  assessment  of  the  cardiovascular  function  is  based. 

The  factors  used  in  assessing  the  cardiovascular  function  and  referred  to  in  all  the  regulations 
are  the  following  : 

(1)  pulse  rate 

(2)  blood  pressure 

(3)  electrocardiogram 

(4)  cardiac  tolerance  to  physical  exertion,  although  the  regulations  are  much  less  precise  on  this 
point . 


(1 )  Pulse  rate 

In  all  the  regulations,  pulse  readings  are  interpreted  in  very  similar  ways,  which  can  be 
considered  as  practically  the  6ame.  Some  regulations  underline  the  purely  indicative  character  to  be 
attributed  to  the  values  quoted  as  the  normal  levels. 

Generally  speaking,  any  abnormalities  are  assessed  in  relation  to  the  clinical  examination, 
and  any  disturbances  of  the  cardiac  rhytm,  which  are  of  pathological  significance,  are  disqualifying 
factors. 

The  French  regulations  provide  that  "borderline  cases  require  a  period  of  observation  in  a 
specialized  medical  department  before  a  decision  to  accept  them  can  be  taken". 

What  are  the  threshold  values  of  the  pulse  rate  in  the  official  texts  of  the  regulations  ? 

There  is  a  general  agreement  that  the  resting  pulse  rate  in  lying  position,  must  not  exceed  100  beats  per 
minute  - 

-  Tachycardia  constitutes  grounds  for  rejection  of  the  applicant,  if  the  resting  pulse  rate 
exceeds  100  beats~per”minute,  irrespective  of  the  cause,  in  the  US  Navy  and  the  US  Army.  In  the  other 
regulations,  there  are  6ome  conditions  allowing  some  tolerance. 

For  instance  :  In  the  USAF  regulations,  tachycardia  constitutes  grounds  for  rejection,  if  the 
resting  pulse  rate  exceeds  100  beats  per  minute,  unless  the  examiner  can  establish  that  such  tachycardia 
is  a  psychic  reaction  and  is  not  caused  by  a  pathological  condition. 

The  French  regulations  provide  that  certain  types  of  neurotonic  tachycardia  not  exceeding 
100  beats  per  minute  (subject  seated)  and  reacting  favourably  to  the  exercise  and  hypoxia  tests  may  be 
admitted.  It  seems  that  the  general  opinion,  on  a  practical  ground,  is  summarized  in  the  RAF  regulations  : 
"It  is  never  advisable  to  accept  a  candidate  whose  sitting  pulse  rate  is  persistently  more  than  100  beats 
per  minute.  It  is  rarely  advisable  to  accept  a  candidate  with  a  sitting  pulse  rate  which  is  persistently 
over  90,  after  due  care  has  been  taken  to  allow  the  pulse  to  settle  and  to  eliminate  the  emotional  factor, 
the  subject* s  temperature  being  normal.  When  persistent  tachycardia  is  the  only  abnormal  element  in  the 
medical  examination,  the  applicant  is  assessed  as  temporarily  unfit  and  then  re-examined  after  an 
appropriate  interval.  The  standing  pulse  rate  should  not  exceed  the  sitting  rate  by  more  than  24  beats 
per  minute". 

-  Bradycardia  :  The  references  to  bradycardia  do  not  include  a  threshold  rate  below  which  the 
applicant  would~hove~to~be  rejected.  Only  the  German  regulation  mentions  that  bradycardia  of  60  beats  or 
less  a  minute  is  a  ground  for  rejection,  when  a  clinical  examination  or  an  electrocardiogram  shows  that  this 
is  caused  by  an  organic  heart  disease. 
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I  think  that  the  USAF  regulation  concisely  expresses  the  common  way  of  thinking  :  the 
applicant  presenting  bradycardia  is  declared  unfit  whenever  any  pathological  conditions  related  to  fainting 
are  observed. 

On  the  reverse,  three  regulations  present  also  a  positive  aspect  : 

(a)  in  the  French  regulations  :  sinusal  bradycardia  not  associated  with  any  subjective 
disorders  and  reacting  favourably  to  the  exercise  and  hypoxia  tests  are  frequently  compatible  with  flying. 

(b)  the  RAF  regulations  :  it  is  merely  referred  to  the  fact  that  rates  of  ^8  beats  per 
minute  and  below  may  occasionally  be  found  in  very  athletic  persons  who  go  in  for  strenuous  sports. 

(c)  The  Canadian  regulations  are  on  the  same  line  :  bradycardia  associated  with  a  pathological 
condition  constitutes  grounds  for  disqualification.  However,  bradycardia  not  due  to  any  disease  condition 
and  associated  with  moderate  enlargement  of  the  cardiac  area,  such  a6  it  is  frequently  found  in  an  athlete 
who  has  undergone  extensive  training  is  not  a  cause  for  rejection. 

(2)  Blood  pressure 

The  various  regulations  draw  examiners'  attention  to  the  need  for  care  in  interpreting 
applicants*  blood  pressure.  In  cases  of  doubt,  it  should  be  measured  on  several  occasions,  if  necessary  at 
intervals  of  a  few  days,  since  an  emotional  factor,  which  is  a  normal  occurence  at  the  time  of  examination, 
may  temporarily  affect  the  actual  blood  pressure  values.  Nevertheless,  in  6pite  of  these  calls  for 
cautiousness,  all  the  regulations,  except  those  of  the  RAF,  have  indicated  threshold  values  for  the 
acceptance  of  applicants,  the  pressure  being  measured  in  the  sitting  position.  The  levels  for  these  thres¬ 
hold  values  are  similar  or  very  close  in  all  the  various  regulations. 

-  Upper  limits 

(a)  threshold  value  of  150  mm  Hg  for  the  systolic  pressure  and  90  mm  Hg  for  the  diastolic 
pressure  are  mentionned  in  the  following  regulations  :  Belgium,  France,  Germany  (the  diastolic  threshold 
is  95  mm  Hg),  Canada. 

(b)  USAF,  US  Navy,  US  Army  and  Norway  have  adopted  a  lower  threshold  value  for  the  systolic 
pressure  :  140  mm  Hg,  but  the  threshold  of  diastolic  pressure  is  similar  to  the  value  admitted  by  other 
regulations  :  90  mm  Hg. 

(c)  The  RAF  regulations,  although  they  do  not  expressly  mention  a  6y6tolic  threshold  value, 
accept  as  diastolic  threshold,  the  common  value  :  90  mm  Hg.  It  can  be  presumed  that  they  accept  also, 
practically,  the  systolic  threshold  of  150  mm  Hg,  as  deduced  from  the  following  provision  mentionned  in 
the  official  text  :  systolic  pressures  of  160  mm  Hg  in  conjunction  with  tachycardia  can  be  ignored,  by 
reason  of  emotional  factors,  if  there  are  no  symptoms  of  cardiovascular  or  renal  disease,  if  the  body 

temperature  is  normal  and  if  the  diastolic  pressure  remains  between  70  and  90  mm  Hg.  ] 

-  Lower  limits 

Six  regulations  have  fixed  100  mm  Hg  -  60  mm  Hg  as  lowest  acceptable  values,  respectively 
for  the  systolic  and  the  diastolic  values  :  Belgium,  Germany,  USAF,  US  Navy,  Canada,  Norway.  -  France  and 
UK  have  fixed  a  higher  systolic  level  :  110  mm  Hg  -  60  mm  Hg.  US  Army  is  the  most  tolerant  :  90  mm  Hg  - 
60  mm  Hg. 

French  and  US  regulations  call  attention  on  the  need  for  a  systematic  investigation  of 
orthostatic  hypotension  on  applicants  presenting  a  tall  and  underweight  body-build,  who  have  a  tendency 
to  be  particularly  sensitive  to  acceleration.  UK  regulations  express  the  degree  of  flexibility  acceptable, 
when  the  threshold  values  are  not  obtained  :  ’’Systolic  pressures  of  105  mm  Hg  or  even  lower  are  sometimes 
found  in  healthy  individuals.  However,  the  combination  of  a  low  normal  systolic  pressure  with  a  low 
diastolic  pressure  is  an  indication  of  a  liability  to  syncopal  episodes.  A  diastolic  pressure  of  over 
90  mm  Hg  in  a  candidate  can  be  ignored  if  the  remainder  of  the  examination  is  satisfactory  and  if,  in 
particular,  renal  function  proves  to  be  normal.  A  diastolic  pressure  below  70  mm  Hg,  associated  with  low 
systolic  pressure,  is  not  in  itself  sufficient  to  warrant  an  assessment  of  unfitness,  but  calls  for  a 
great  deal  of  caution.  Diastolic  pressure  below  60  mm  Hg  should  be  regarded,  if  they  persist,  as  grounds 
for  the  rejection  of  candidates  for  flying  duties,  as  they  are  rarely  found  in  normally  robust  individuals". 

Summarizing,  it  can  be  said  that  there  exists  a  large  agreement  on  the  threshold  values  : 

Upper  limits  :  150  mm  Hg  -  90  mm  Hg  with  an  exception  for  the  US  regulations  :  1^+0  mm  Hg  - 
90  mm  Hg. 

Lower  limits  :  110  mm  Hg  or  100  mm  Hg  -  60  mm  Hg  with  an  exception  for  the  US  Army  regulations  : 

90  mm  Hg  -  60  mm  Hg. 

(3)  Electrocardiogram 

The  electrocardiogram  is  dealt  with  in  all  the  regulations  by  a  precise  enumeration  of  the 
abnormalities  which  are  causes  for  rejection  and  those  which  are  compatible  with  fitne66.  There  is  an 
exception  :  the  RAF  regulations,  as  the  regulations  of  the  other  Air  Forces,  require  an  electrocardiogram 
to  be  recorded  for  all  candidates  for  flying  duties,  but  make  no  special  comment  on  the  electrocardiographic 
abnormalities  which  would  be  a  cause  for  rejection. 

As  general  rule  for  interpretation  of  electrocardiographic  abnormalities,  the  French  regulations 
mention  that  isolated  electrocardiographic  abnormalities  of  repolarisation  must  be  very  carefully  investigated 
in  relation  to  the  age  of  the  candidate,  his  history  and  results  of  functional  tests. 

There  is  a  general  agreement  on  the  electrocardiographic  abnormalities  indicating  serious 
conduction  defects  and,  therefore  to  be  considered  as  causes  for  rejection  : 
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(a)  Major  arrhythmias,  auch  as  atrial  flutter  or  fibrillation,  ventricular  fibrillation, 
multifocal  premature  ventricular  contractions. 

(b)  first  degree  atrioventricular  block,  unless  the  clinical  examination  reveals  no  other 
cardiac  abnormality,  and  if  reduced  during  exercise,  particularly  if  observed  in  athletic  subjects. 

(c)  second  and  third  degree  atrioventricular  block 

(d)  complete  left  bundle  branch  block 

(e)  complete  right  bundle  branch  block 

(f)  Wolff  -  Parkinson  -  White  syndrome 

Are  compatible  with  fitness  : 

(a)  incomplete  and  isolated  right  bundle  branch  block 

(b)  isolated  and  sporadic  extrasystoles,  which  disappear  after  exercise. 

As  expressed  in  the  German  regulations,  any  other  electrocardiographic  findings  (e.g.  mild 
excitability  abnormalities,  left  anterior  hemi  -  block,  incomplete  block)  must  be  interpreted  within  the 
framework  of  the  whole  cardiological  examination. 

(A)  Exercise  tests 

In  all  regulations,  there  are  mentions,  in  general  terms,  about  exercise  or  functional  tests. 
The  assessment  examination  must  therefore  include  them  as  current  and  sometimes  mandatory  elements. 
Technical  instructions  regarding  examination  methods  occasionally  specify  precisely  the  tests  which  should 
be  performed,  and  in  such  cases,  they  also  indicate  how  the  results  are  to  be  interpreted.  More  often, 
the  regulations  make  no  mention  of  methods  of  examination,  although  these  are  covered  by  separate  special 
instructions  (see  Agardograph  N°  196,  quoted  above). 

I  intend  to  review  the  contents  of  the  official  regulations  on  this  matter  in  9  Air  Forces 

under  study. 

1 .  Belgium 

The  regulations  require  each  candidate  to  undergo  an  exercise  test  at  the  initial  selection 
examination  in  order  to  assess  the  extent  of  cardiovascular  tolerance  to  prolonged  and  exhausting  exercise. 
The  type  of  test  used  is  not  mentionned.  However,  the  Harvard  step-test,  of  five  minutes  duration,  has  in 
fact  been  used  since  1946  up  to  1970  and  subjects  with  an  index  of  less  than  70  are  disqualified.  This 
disqualifying  index  is  reached  whenever  the  total  number  of  beats  recorded  for  30  seconds,  at  the  start 
of  the  second  minute,  of  the  third  minute  and  of  the  fourth  minute  following  the  completion  of  the  test 
exceeds  220. 

Now,  tests  on  ergocycle  are  used. 

2.  France 

The  French  regulations  make  it  a  requirement  that  at  the  initial  examination  the  cardiac 
functional  responses  should  be  absolutely  satisfactory  and  compatible  with  prolonged  physical  stress,  even 
at  altitude.  In  connection  with  subjects  presenting  a  tall  and  underweight  body-build,  it  is  pointed 
out  that  because  of  possible  intolerance  to  acceleration,  orthostatichypotension  should  be  systematically 
investigated.  The  tests  advocated  or  prescribed  for  these  two  purposes  are  not  mentionned.  In  the  same 
way,  the  regulations  mention  that  isolated  electrocardiographic  abnormalities  of  repolarisation  must  be 
considered  in  terms  of  several  factors,  one  of  the  most  important  being  the  results  of  functional  tests.  A 
technical  notice  gives  some  general  lines  on  exercise  tests.  It  mentions  that  some  functional  tests,  usual 
in  the  past,  have  to-day  fallen  into  disuse,  e.g.  hypoxia  test  in  low  pressure  chamber  at  an  altitude  of 
5000  m  for  20  minutes,  ergotamin  tartrate  test,  potassic  load  test. 

The  te6t,  described  in  the  technical  notice,  are  carried  out  for  the  diagnosis  of  coronary 
disease,  and  also  for  the  assessment  of  the  physical  condition  of  the  healthy  or  ill  subject.  Comments 
are  given  on  the  Master  Exercise  Test,  (single  two-step  test,  double  two-step  test),  exercises  on  bicycle 
ergometers,  treadmill  tests.  The  technical  notice  adds  that  these  exercise  tests  must  only  be  carried  out 
in  the  department  of  a  hospital,  having  at  its  disposal  resuscitation  equipment,  as  they  can  be  dangerous 
for  some  individuals.  But,  I  presume  that  it  is  not  the  case  for  individuals  submitted  to  the  initial 
examination. 

I  hope  that  this  question  will  be  clarified  by  our  French  colleagues,  during  the  discussion 
following  this  lecture. 


3.  Germany 

According  to  the  regulations  of  1969,  a  Master  test  is  always  carried  out  for  a  period  of 
3  minutes  on  every  candidate  for  entry  into  the  Air  Force.  But,  in  the  regulations  of  1976,  thi6  test  is 
not  any  more  mentioned.  An  electrocardiogram  is  made  before  the  exercise,  the  subject  being  at  rest,  then 
immediately  on  completion  of  the  exercise,  and  finally  two  and  four  minutes  after  the  end  of  the  exercise. 

If  the  past  medical  history  and  the  results  of  the  clinical  examinations  show  the  possibility 
of  orthostatic  disturbances,  an  orthostatic  tolerance  test  (tilt  table  test)  must  be  carried  out,  with  a 
recording  of  pulse  rate  and  blood  pressure. 

A  dynamic  tolerance  test,  during  which  the  pulse  and  blood  pressure  are  read,  is  performed 
whenever  hypertensive  circulatory  disorders  are  suspected. 

Exercise  tests  to  determine  functional  performance  in  hypoxia  conditions  are  not  mandatory. 
They  are  carried  out  at  the  German  Institute  of  Aviation  Medicine  as  part  of  the  initial  medical  examination, 


Jj 


2-5 


if  there  are  any  particular  signs  of  aeromedical  importance  present,  such  as  signs  of 
circulatory  disorders,  orthostatic  insufficiency  accompanied  by  syncopal  tendencies,  or  excessive  dys- 
functioning  of  the  automatic  nervous  system. 

Any  reduction  in  performance  capacity  is  measured  quantitatively  in  a  low  pressure  chamber 
at  a  simulated  altitude  of  7500  metres,  using  the  ball  test.  This  test  consists  in  placing  30  round 
objects  in  the  appropriate  holes.  The  heart  rate,  blood  pressure  and  respiratory  rate  are  recorded  before 
the  test,  and  during  the  test  while  the  subject  is  breathing  100  %  oxygen,  and  then  while  breathing  the 
normal  air  in  the  chamber.  The  results  are  assessed  according  to  the  type  of  response  given  by  the  subject 
and  the  type  of  deterioration  in  performance  in  low  oxygen  conditions. 


*♦  •  United  Kingdom 

The  regulations  prescribe  an  exercise  test  for  investigation  of  the  cardiac  function.  With 
reference  to  this  “exercise  tolerance  test",  the  RAF  manual  states  that  a  test  of  this  kind  rarely  provides 
information  which  cannot  be  obtaining  during  the  general  medical  examination,  that  it  is  of  no  value  in 
detecting  heart  disease,  but  is  useful  in  special  cases,  usually  to  confirm  the  results  of  other  parts  of 
the  examination.  The  test  is  a  step-test,  lasting  for  one  minute  ;  the  chair  which  has  to  be  climbed  twenty 
times  is  15  inches  high.  The  pulse  is  taken  before  the  test,  then  immediately  after  the  test  and,  finally, 
one  minute  after  completion  of  the  test. 

The  pulse  rate  immediately  after  the  test  should  not  exceed  by  more  than  3&  beats  per 
minute  the  sitting  pulse  registered  on  the  subject  at  rest  before  the  exercise.  One  minute  after  completion 
of  the  exercise,  the  heart  rate  must  have  returned  approximately  to  normal  level. 

Abnormal  results  are  found  in  the  case  of  emotional  subjects,  and  as  a  result  of  some 
functional  defects,  such  as  insufficiency  of  systolic  output,  poor  vasomotor  tone  or  functional 
insufficiency  of  the  circulatory  system  as  a  whole. 


5-  Canada 

Candidates  for  aircrew  duties  and  trained  aircrew  who  do  not  fully  meet  the  fitness 
standards  are  referred  for  decision  or  opinion  to  the  Defence  and  Civil  Institute  of  Environmental  Medicine. 
The  regulations  mention  that  this  Institute  has  a  low  pressure  chamber,  a  human  centrifuge,  and  various 
devices  for  testing  cardiovascular  stress.  A  description  of  these  tests  is  not,  however,  included  in  the 
regulations  on  fitness  standards  for  aircrew. 


6.  United  States 

The  exercise  test  prescribed  in  the  regulations  of  the  three  US  Forces  consists  in  hopping 
100  times  on  one  foot,  raising  it  about  on?1  inch  from  the  floor  at  each  hop.  The  sitting  pulse  rate  is 
recorded  before  exercise,  then  immediately  after,  and  finally  two  minutes  after  completion  of  the  test. 
Blood  pressure  is  read  before  the  exercise  and  two  minutes  after  the  exercise.  The  degree  of  dyspnea,  the 
possible  existence  of  a  murmur,  as  detected  during  auscultation,  and  any  symptoms  of  circulatory  failure 
are  also  noted. 


noted. 


The  regulations, again,  add  that  if  other  test  are  carried  out,  their  results  should  be 


No  other  exercise  tests  are  specially  recommended  in  the  regulations  of  USAF,  the  US  Army 
and  the  US  Navy.  But,  from  Agardograph  196,  it  can  be  deduced  that  the  tests  mentioned  in  the  French 
regulations  are  also  in  common  use  in  the  US  Forces,  as  they  are  in  the  other  NATO  Air  Forces • 

The  US  Navy  Manual  mentions  that  the  neuro-circulatory  efficiency  test  (Schneider  index) 
is  no  longer  required.  There  is  no  objections  to  its  being  applied  and  noted,  but  it  i6  no  longer  mandatory 
for  assessing  fitness  for  flying  duties. 


2.  Diseases  providing  grounds  for  unfitne66  for  flying  duties  in  the  selection  examination. 

Generally  speaking  and  without  paying  too  much  attention  to  details  which  are  not  essential 
importance,  it  can  be  said  that  there  is  good  agreement  between  the  various  regulations  in  listing  the 
diseases  which  provide  causes  for  the  rejection  of  candidates. 

The  following  are  causes  for  rejection  : 

1.  Arterial  or  arteriovenous  aneurysm 

2.  Well  characterized  organic  diseases  of  the  heart  and  vessels;  well  characterized 
functional  disorders  of  the  heart. 

In  addition  to  diseases  of  the  pericardium,  the  myocardium  ^nd  the  endocardium,  this  leading 
should  also  include,  in  particular,  orthostatic  tachycardia  and  hypotension,  neurocirculatory  asthenia, 
cardiac  rhythm  disturbances  and  intracardiac  conduction  disorders  of  pathological  significance  (See 
"Electrocardiogram"  above). 

Marked  differences  between  the  requirements  of  the  various  regulations  should,  however,  be  pointed 
out  in  the  following  causes  : 

( 1 )  Rheumatic  fever  (BOUILLAUD^  disease) 

Disagreements  between  the  various  texts  relate  to  the  decision  to  be  taken  in  the  absence  of 
any  cardiac  sequela  after  one  or  more  attacks  of  rheumatic  fever. 


Three  regulations  state  that,  even  in  the  absence  of  any  cardiac  sequelae,  subjects  must  be 
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assessed  as  unfit  for  a  minimum  period  of  two  years  during  which  they  must  remain  free  from  any  symptoms. 
The  regulations  referred  to  are  those  of  the  USAF,  the  US  Navy  and  Belgium. 

Norway ,  generally  speaking,  follows  also  the  USAF  regulations  :  1  presume  that  it  is  the  case 
in  this  matter. 

The  US  Army  regulations  require  a  candidate  to  be  assessed  as  unfit  until  a  period  of  five 
years  has  elapsed  without  the  appearance  of  any  symptoms. 

The  UK  regulations  lay  down  a  dinstinct  and  clear  rule  for  such  cases.  If  a  candidate  has 
a  history  of  rheumatic  fever,  without  cardiac  or  other  sequelae,  he  can  be  accepted  for  flying  duties  if 
any  of  the  following  conditions  apply  : 

-  he  is  25  years  old  or  over 

-  he  is  under  the  age  of  25  years,  but  has  received  for  five  years  continuous  penicillin 
prophylaxis,  or  10  years  or  more  have  elapsed  since  the  attack,  no  treatment  having  been  given. 

The  French  and  the  Canadian  regulations  are  not  explicit  about  the  action  to  be  taken  in  the 
absence  of  any  cardiac  sequelae.  They  simply  state  that  cases  of  rheumatic  fever  with  cardiac  complications 
must  be  assessed  as  unfit. 

The  German  regulations  are  similarly  imprecise  :  they  specify  that  a  history  of  acute  or 
chronic  rheumatoid  arthritis  i6  a  cause  of  disqualification,  either  temporarily,  or  permanently,  but  no 
mention  is  made  of  the  decision  to  be  taken  in  the  specific  case  of  the  absence  of  cardiac  sequelae  in 
subjects  with  a  history  of  rheumatic  fever. 


(2)  Congenital  diseases  of  the  heart  and  heart  surgery 

Three  degrees  of  strictness  are  found. 

(a)  First  group  :  candidates  to  be  assessed  as  unfit,  without  any  exception 

The  Belgian,  French  and  German  regulations  and  the  US  Army  regulations  have  similar 
provisions  :  congenital  or  acquired  cardiopathy  and  malformation  of  the  aorta  and  the  major  vessels,  of 
whatever  type,  even  after  surgery,  are  grounds  for  permanent  unfitness.  The  Belgian  regulations  add  that 
there  is  an  exception  :  dextrocardia  with  complete  situs  inversus  is  considered  as  an  anomaly  and  not  a 
malformation  :  the  healthy  candidates  having  such  anomaly  can  be  considered  as  fit  for  flying. 

(b)  Second  group  :  candidates  to  be  assessed  as  unfit,  except  in  the  case  of  minor  congenital 

diseases,  but  these  are  not  specified. 

The  USAF  and  US  Navy  regulations  stipulate  a  decision  of  unfitness  for  any  history  of 
heart  surgery  and  any  6eriou6  congenital  anomaly.  Uncomplicated  dextrocardia  and  other  minor  asymptomatic 
anomalies  are  acceptable. 

It  should,  however,  be  observed  that  neither  of  these  two  regulations  defines  what  is  to 
be  understood  by  "minor  asymptomatic  anomaly".  But,  candidates  must  be  assessed  as  temporarily  unfit  for 
a  period  of  at  least  six  months  after  undergoing  surgery  for  these  minor  anomalies. 

The  Canadian  regulations  require  an  assessment  of  unfitness  for  cases  of  major  congenital 
cardiopathy.  Minor  congenital  diseases,  however,  which  have  been  treated  surgically,  with  results  considered 
by  a  cardiologist  to  be  satisfactory,  are  acceptable. 

(c)  Third  group  :  candidates  to  be  assessed  as  unfit  except  in  the  case  of  some  well-defined 

minor  congenital  diseases  corrected  by  surgery. 

The  RAF  regulations  are  very  precise.  Congenital  malformations  of  the  heart  and  of  the 
majors  vessels  are,  a6  a  general  rule,  causes  for  rejection.  Certain  congenital  malformations  of  the  heart 
are,  how  .  ,  compatible  with  acceptance  for  flying  duties  if  a  surgical  operation  hs6  successfully 

eliminated  their  effects.  The  anomalies  included  in  this  category  are  the  following  : 

(1 )  Patent  ductus  arteriosus 

If  the  patent  ductus  arteriosus  has  been  permanently  closed,  either  by  ligation  alone, 
or  by  ligation  and  division,  the  candidate  can  be  accepted. 

(2)  Atrial  septum  defect 

The  primary  type  is  always  unacceptable.  In  the  secundary  type,  if  the  interatrial 
communicating  orifice  has  been  closed  and  there  is  no  pulmonary  hypertension  or  cardiac  enlargement,  the 
candidate  can  be  accepted. 

(3)  Coarctation  of  the  aorta 

A  candidate  who  has  undergone  a  surgical  operation  for  coarctation  of  the  aorta  can 
be  considered  fit  for  acceptance  for  flying  duties  only  if  the  following  requirements  are  met  : 


-  the  surgical  operation  was  performed  successfully  more  than  5  years  previously; 

-  the  clinical  examination  reveals  no  anomalies  in  regard  to  blood  pressure,  ECG  and 

heart  size; 


-  the  femoral  pulse  16  palpable  and  not  delayed 


(3)  Diseases  indicating  serious  functional  insufficiency  of  the  venous  system 

The  texts  on  varicose  veins  in  the  lower  limbs  are  the  subject  of  descriptive  comments  in 
some  of  the  regulations,  in  order  to  determine  the  fitness  requirements.  We  must  state  that  there  is  a 
large  degree  of  discrepancy  between  these  regulations. 
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The  Belgian  regulations  provide  that  to  constitute  grounds  for  an  assessment  of  unfitness  for 
flying  duties,  varicose  veins  in  the  lower  limbs  must  have  at  least  one  of  the  following  characteristics  : 

(l)  be  predisposed  to  rupture,  either  as  a  result  of  a  trauma,  or  of  haemodynamic  changes 
during  flying; 

(P)  be  sinuous  or  voluminous  to  the  point  of  forming  a  tumour; 

(3)  come  at  l»ast  halfway  up  to  the  leg  or  to  extend  beyond  the  knee. 

The  French  regulations  do  not  go  into  these  details,  but  are  confined  to  a  statement  that 
marked  disorders  of  the  peripheral  venous  circulation  are  causes  of  unfitness.  They  do,  however,  add  an 
important  detail  which  is  missing  from  the  Htlgian  regulations  :  varicose  veins  which  have  been  treated 
surgically  are  not  compatible  with  fitness  for  functions  requiring  the  general  medical  aptitude  standard 
N°  1,  that  means  standard  for  candidate  pilot  ell  categories. 

'ap  will  see,  further,  that  varico?**  veins  which  have  been  treated  surgically  are  only 
compatible  with  the  general  aptitude  standard  N°  .  ,  that  means  :  t rained  flighter,  reconnaissance ,  bomber, 
transport  pilot,  navigator  or  radio,  if  any  function-*}  or  trophic  troubles  are  absent  and  if  they  have  no 
tendency  to  recurrence. 

The  USAF  regulations  do  not  state  what  is  meant  by  "serious  disorders"  which  constitute  grounds 
for  rejection.  They  only  enumerate  some  consequences  arising  out  of  these  marked  disorders  :  oedema,  skin 
ulceration  or  scars  resulting  from  previous  ulceration.  They  make  no  mention  whatsoever  of  what  happens  if 
the  varicose  veins  have  been  treated  surgically. 

The  US  Army  and  US  Navy  requirements  are  exactly  the  same  as  those  of  the  USAF. 

Germany  and  Canada  simply  quote  varicose  veins  to  a  marked  degree  among  the  causes  for 
rejection,  and  similarly  in  the  case  of  varicose  ulcers.  In  parallel  with  the  American  regulations  these 
countries  provide  no  guidance  for  the  assessor  when  confronted  with  a  candidate  whose  varicose  veins  have 
undergone  surgical  treatment. 

The  RAF  regulations,  on  the  other  hand,  do  envisage  this  hypothesis,  but  the  decision  involved 
is  the  opposite  of  that  in  the  French  regulations.  Any  candidrte  whose  veins  show  varices  to  any  marked 
degree  is  assessed  a6  unfit  for  flying  duties  untill  such  time  as  this  condition  has  been  successfully 
corrected  by  means  of  surgery. 

In  conclusion,  it  is  surprising  to  note  that  in  regard  to  this  condition,  fortunately  not 
frequent  amongst  the  candidates,  (but  relatively  current  amongst  trained  aircrew),  the  regulations  do  not 
agree  on  important  details,  though  they  all  certainly  prescribe  rejection  of  a  candidate  when  the  varicose 
condition  is  very  marked.  Precise  criteria  in  regard  to  this  "marked  degree”  are  given  in  the  Belgian 
regulations.  The  other  regulations  do  not  define  the  marked  degree  which  is  the  cause  of  unfitness;  only 
the  USAF  regulations  add  a  reference  to  a  few  complications  which  are  a  frequent  attribute  to  a  marked 
degree  of  the  varicose  condition.  Surgical  treatment  of  the  varicose  condition  is  mentioned  in  two 
regulations  only,  although  they  differ  in  the  requirements  laid  down. 

In  the  French  regulations,  such  treatment  does  not  affect  in  any  way  the  decision  :  the 
candidate  pilot  remains  unfit.  In  the  RAF  regulations,  it  makes  the  candidate  fit  for  flying  duties, 
provided  that  the  operation  is  cinsidered  to  have  been  successful. 

I  think,  however,  that,  at  the  age  of  eighteen,  twenty  years,  the  incidence  of  such  cases 

in  very  low. 


B.  PERIODIC  MCI CAL  EXAMINATION  OF  TRAINED  AIRCREW 


1 .  Baric  factors  for  assessing  the  circulatory  function 

a.  Pulse  rate,  ECO  and  physical  exercise  tests  are  not  covered  by  any  particular  requirements  which 
are  fundamentally  different  from  those  for  the  initial  examination. 

R*  ferring  to  electrocardiography,  it  should  be  pointed  out,  however,  that  the  USAF  regulations 
state  a  very  wise  precaution,  clearly  intended  to  avoid  premature  or  insufficiently  founded  decisions  or 
too  radical  decisions  in  regard  to  trained  aircrew  :  all  borderline  tracings,  those  which  differ  markedly 
from  those  recorded  during  previous  periodic  examinations  and  those  considered  to  be  abnormal  by  the  USAF 
Central  Electrocardiographic  Library  are  causes  for  declaring  the  candidate  temporarily  unfit  and  require 
detailed  investigation.  An  assessment  of  fitness  is  restored  only  if  the  results  of  such  an  investigation 
carried  out  by  the  USAF  School  of  Aerospace  Medicine  eliminate  the  existence  of  any  cardiac  disease. 

b.  Blood  pressure 

The  area  of  normality  for  blood  pressure  is  widened  in  the  majority  of  the  regulations  which 
fix  numerical  values  to  indicate  the  hypertensive  condition  boundary. 

The  maximum  systolic  and  diastolic  pressures  are  not  considered  to  be  abnormally  excessive 
unless  they  are  higher  than  the  following  values  : 

(1)  USAF  US  Army _ US  Navy 

140  mm  Hg  -  90  mm  Hg  if  the  subject  is  35  years  old  or  under 
190  mm  Hg  -  90  mm  Hg  if  the  subject  is  over  35  years  old 
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(2)  French  and  Canadian  regulations 
150  nun  Hg  -  90  mm  Hg 

(3)  RAF  regulations 
150  mm  Hg  -90  mm  Hg 

In  fact,  no  specific  value  is  quoted,  but  it  can  be  inferred  from  the  explanatory  notes 
that  the  maximum  values  are  150  mm  Hg  -  90  mm  Hg. 

(4)  German  regulations 

150  mm  Hg  -  95  mm  Hg,  if  the  subject  is  35  years  old  or  under 

160  mm  Hg  -  95  mm  Hg,  if  the  subject  is  over  33  years  old 

(5)  Belgian  regulations 
160  mm  Hg  -  90  mm  Hg 

c.  Exercise  tests 

With  reference  to  the  exercise  tests,  no  precise  statement  of  mandatory  nature  is  made,  in  the 
regulations,  that  they  should  be  modified  in  relation  to  the  age  of  the  subject  or  to  the  particular 
conditions  of  the  periodic  examinations.  Of  all  the  functional  tests  quoted  in  connection  with  the  initial 

examination,  only  the  very  strenuous  endurance  tests  (as  the  5  minutes  Harvard  step  test)  would,  in  fact, 

need  to  be  adapted  in  relation  to  the  specific  purpose  of  the  investigation  for  which  they  are  being 
performed.  The  other  functional  tests  (3  minute  Master  step  test,  1  minute  Harvard  step  test,  ortho6tatism 
test,  tilt  table  test,  performance  capability  in  low  oxygen  conditions,  tests  using  ergocycles  or  treadmill) 
are  suitable  both  for  the  periodic  and  the  initial  examinations,  in  the  sense  that  they  can  be  performed, 
after  suitable  adaptation,  without  running  excessive  risks  in  the  case  of  subjects  who  have  minor  defects 
or  who  experience  difficulties  due  to  age. 

d.  Detection  of  atheroma  and  degenerative  vascular  diseases  associated  with  metabolic  disturbances, 

without  clinical  symptomatology 

In  all  the  Air  Forces,  it  is  clear  that  the  initial  clinical  examination  and  the  annual  or 
periodic  examinations  include  not  only  urine  and  haematological  tests,  but  also  various  biochemical  tests, 
although  a  list  of  these  does  not  necessarily  appear  in  the  text  of  the  regulations. 

A  systematic  biological  examination  for  detecting  atheroma  and  degenerative  vascular  diseases 
associated  with  metabolic  disturbances  (obesity,  diabetes,  lithiasis,  gout)  is  carried  out.  But,  at  our 
knowledge,  only  two  regulations,  the  French  regulations  and  the  German  regulations,  contain  precise  texts 
which  make  it  compulsory,  for  all  the  candidates  and  for  all  flying  personnel,  to  undergo  a  systematic 
biological  examination. 

1.  The  French  regulations  require  the  following  blood  tests  to  be  carried  out,  in  connection 
with  detection  or  prevention  of  degenerative  vascular  diseases  : 

-  total  lipids  in  serum 

-  total  cholesterol  in  serum  and  lipidogram 

-  triglycerides  in  serum  and  lipidogram 

-  glycemia 

-  uricaemia 

At  the  initial  examinations,  dyslipidaemia  is  a  cause  of  rejection,  not  by  reason  of  an 
immediate  incompability  with  flying,  but  because  it  means  a  very  great  atherogenous  risk  in  the  future. 

To  justify  a  decision  of  unfitness,  the  laboratory  results  must  be  confirmed  several  times  and  must  exceed 
the  following  limits  : 

-totallipids  :9  grams 

-  total  cholesterol  :  3  grams 

-  triglycerides  :  2  grams 

At  the  periodic  examinations,  the  above  tests  are  compulsory  every  five  years,  before  the  age 
of  40.  From  the  age  of  40  on,  they  are  carried  out  at  each  yearly  examination. 

Biochemical  disturbances  (hypercholesterolaemia ,  hyperlipaemia )  associated  with  clinical  or 
radiological  stigmata  or  artherosclerosis  (e.g.  arterial  calcification)  are  a  cause  of  unfitness. 

The  German  regulations  require  the  same  tests  to  be  carried  out  at  the  initial  examination 
and  at  each  periodic  examination.  Hyperlipoproteinaemia  is  a  cause  of  rejection. 

Biological  tests  of  this  kind  are,  in  fact,  very  likely  performed  in  all  the  other  Air  Forces 
and  is  to  be  assumed  that  they  are  indicated  in  special  technical  instructions.  The  question  therefore 
arises  of  the  reason  which  prevents  their  compulsory  inclusion,  in  a  short  but  precise  form,  in  all  the 
regulations  on  fitness  for  flying  duties.  Perhaps,  some  of  you  have  an  answer. 

It  would  seem  abvisable  for  juridical  reasons,  in  case  of  decision  of  unfitness,  to  lay 
down  in  the  regulations  the  minimum  content  of  the  biological  evaluation  which  should  be  carried  out  at 
the  periodic  examinations,  in  the  frame  of  the  early  detection  of  atheroma  and  degenerative  vascular 
diseases  associated  with  metabolic  disturbances,  without  clinical  symptomatology. 


The  position  admitted  by  all  regulations  can  be  summarized  by  quoting  the  German  regulations  on  the 
standards  required  for  the  periodic  examinations.  These  standards  are  most  frequently  the  same  nr.  the 
selection  standards;  some  are  les6  stringent,  providing  flight  safety  is  not  endangered  and  the  pathological 
conditions  revealed  are  marginal  and  not  liable  to  be  aggravated  by  flying. 

Some  comments  on  a  few  diseases  should  now  be  made. 

1 .  Coronary  artery  disease.  Myocardial  infarction 

All  the  regulations  require  disqualification  of  aircrew  who  have  suffered  coronary  artery  disease 
or  myocardial  infarction.  Electrocardiographic  evidence  of  sequelae  constitute  a  sufficient  basis  for  an 
assessment  of  unfitness. 

2 •  Sequelae  of  rheumatic  fever 

The  same  standards  are  applied  as  lor  the  initial  examination. 

3-  Heart  surgery 

The  standards  for  the  initial  examination  also  apply  to  the  periodic  examinations. 

*♦.  Varicose  conditions 

The  standards  for  the  periodic  examinations  are  exactly  the  same  as  for  the  initial  examination, 
except  in  the  French  regulations  which  run  parallel  in  this  respect,  with  the  RAF  regulations. 

In  the  French  regulations,  contrary  to  the  requirements  for  candidate  pilots  at  the  initial 
examinations,  it  is  accepted  that  varicose  veins  which  have  been  operated  on,  are  compatible  with  the 
maintenance  of  fitness  for  flying  duties  in  trained  aircrew  providing  there  is  no  associated  functional 
or  trophic  disorder  and  no  tendency  to  recurrence  of  the  varicose  condition. 


CONCLUSION 

1.  Concerning  the  methods  or  tests  used  in  the  clinical  examination,  no  serious  divergence  exists 
ir.  the  points  of  view  expressed  in  the  various  regulations. 

Pulse  and  blood  pressure  are  interpreted  in  very  similar  ways,  which  can  be  considered  as 
practically  the  same.  Some  regulations  lay  great  stress  on  the  purely  indi cative  character  to  be  attributed 
to  the  values  quoted  as  the  normal  levels. 

The  electrocardiogram  is  dealt  with  ir.  all  the  regulations,  except  in  the  RAF  regulations,  by  a 
precise  enumeration  of  the  abnormalities  which  give  cause  for  rejection  and  those  which  are  compatible 
with  fitness.  There  is  no  discrepancy  between  the  various  regulations. 

The  use  of  exercise  tests  is  mentioned  in  all  the  regulations.  Very  often,  the  regulations  make 
no  mention  of  the  tests  which  should  be  performed  and  how  the  results  are  to  be  interpreted  in  matter  of 
fitness  or  unfitness  for  flying  duties. 

It  has  always  been  difficult  to  state  categorically  which  types  of  circulatory  functional  tests 
should  be  adopted.  The  lack  of  precision  found  in  this  connection,  in  the  official  regulations,  is  therefore 
not  surprising.  -  The  essential  point  has,  at  least,  been  achieved  :  the  principle  of  the  inclusion  of 
functional  tests  in  the  medical  fitness  examination.  -  Furthermore ,  the  warning  given  by  the  US  Navy  when 
referring  to  the  Schneider  test  is  a  wise  one.  This  test,  like  many  others,  has  its  limitation;  it  assesses 
in  particular  the  effect  of  the  automatic  nervous  system  on  the  control  of  the  cardiac  centres  rather  than 
the  functional  value  of  the  myocardiac  fibre.  The  regulations  rightly  instruct  the  medical  examiner  not  to 
rely  on  the  quantitative  results  of  the  test  alone  in  order  to  support  a  decision  of  unfitness.  At  the 
same  time,  the  medical  officer  is  reminded,  as  also  in  the  case  of  the  RAF  regulations,  that  the  clinical 
examination  of  an  individual  constitutes  a  complete  picture,  of  which  it  is  often  not  easy  to  make  an 
overall  assessment,  and  that  this  difficulty  cannot  be  made  to  dissapear  by  the  expedient  of  the  results 
of  a  single  exercise  test,  sometimes  of  disputable  or  doubtfull  significance.  A  functional  test  provides 
an  additional  element,  among  many  others,  in  a  complete  whole;  it  must  not  be  interpreted,  on  its  own, 
within  its  limits  alone,  but  in  the  complete  clinical  picture. 

2.  With  regard  to  the  effect  of  some  diseases  on  flying  duties,  this  is  clearly  an  area  offering 
possibilities  for  greater  standardisation  in  the  decisions  made  by  medical  experts,  on  the  basis  of  the 
texts  of  the  official  regulations.  I  have  presented  some  examples  :  rheumatic  fever,  with  and  without 
cardiac  sequelae,  congenital  heart  diseases,  sequelae  of  heart  surgery  and  such  ordinary  diseases  as  varices 
Present  day  development  in  the  design  of  combat  aircraft  may  affect  the  significance  of  morphological  or 
physiological  anomalies  or  insufficiencies  of  the  cardio-vasculor  system,  with  the  result  that  some  of  them 
may  be  felt  to  be  less  significant,  and  others  more  significant. 

This  very  important  concept  must  not  be  ignored  during  future  revisions  of  medical  fitness 

standards . 

This  very  quick  comparative  review  of  nine  sets  of  regulations  has  indicated  some  differences  of 
opinion,  or  some  techniques  of  doubtful  value  which  should  be  re-examined.  Some  standards  traditional 
concepts  of  the  medical  fitness  examination  may  totter  as  a  result  of  such  a  revision  but  this  is  often  the 
way  in  which  progress  is  achieved. 

It  is  natural  that  the  official  texts,  prepared  with  the  full  guarantee  of  official  medical  expert 
and  with  the  approval  of  higher  authorities,  should  give  the  users  of  such  texts  an  impression  of  unshakable 
assurance  and  fully  achieved  perfection.  Such  an  impression  is  always  illusory  to  a  certain  degree. 

The  problems  arising  out  of  a  comparaison  of  the  various  medical  fitness  regulations  rare  there  as 
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a  reminder  that  some  concepts  are  relative  and  constantly  changing,  and  that  there  are  a  large  number  of 
subjects  matters  in  this  field  which  still  require  continuous  investigation  by  qualified  researchers  and 
experienced  medical  experts. 

I  hope  that  this  revision,  in  spite  of  its  severe  and  arid  aspects,  will  be  useful  for  your 
discussions  and  exchanges  of  ideas. 
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APPORT  DES  MECANOCiRAMMESCARDlAyUES  WANS  LEXPERTISE  l)U 
PERSONNEL  NAVIGANT 

par 


.1 


Medecin  en  Chef  R.Carre 
Centre  Principal  d'Expertise  Mtdicale 
du  Personnel  Navigant  de  I’A^ronautique 
2(>  Rd.  Victor 
75996  Paris  Armies 
Krance 


i  -  imopugnog 

L'idie  d'enregistrer  graphlquement  lea  pulsations  carotidiennes  ou  l'apexograsnie  n'est  pas 
r4cente  puisqu'elle  avait  «t«  dAJA  rialisie  au  XIX*  siAble  par  CHAOVRAB,  MASSY  et  KACEE1BY.  Hals  di  de 
tels  enregistrements  avaient  Att  prAcieux  pour  les  physiologistes,  lit  n'avaient  qua  peu  d'utilitt 
pratique  pour  le  cllnlcien.  C'est  la  possibility  de  transformer  les  phtnoaAncs  A  Atudler  en  variations 
Alectriques  sans  inertie  qui  a  penis  de  reprendre  1' ytude  des  mycanograsmes  et  d'en  tirer  les  indica¬ 
tions  prycleuses  pour  le  clinicien  et  pour  nous  expert  du  personnel  navigant. 

Ce  sont  des  techniques  non  sanglantei,  facilement  reproductibles  A  cheque  expertise  |  en 
plus  ce  sont  des  tracAs  que  l'on  inclut  dans  le  dossier  de  chaque  pilote  pernettant  ainsl  la  comparalson 
d'une  expertise  A  1' autre. 

Les  nycanograases  cardiaques  nous  apportent  les  r ensei gnenents  de  trois  ordres  I 

1)  analyse  des  souffles  cardiaques  prycisant  la  variiti  de  la  cardiopathle  par  la  phonocar- 
dlographle, 

2)  ytude  de  la  distensibility  artyrielle  par  le  carotldograme, 

3)  nesure  chrosocardiographique  nesurant  un  index  de  dibit  systolique  et  la  contraction 
du  nuscle  myocardique. 


II  -  AHALY3B  PBS  SOUFFLES  CAEPIAqUES 

L' auscultation  cardiaque  sidle  des  exanens  comp linen taires  que  sont  1 • yiectrocardiogramne 
et  la  radiographle  cardiaque  permet  d'af firmer  1 'organic! t I  d'un  souffle  dlastolique  et  parvient,  dans 
la  majority  des  cas,  A  affirm er  l'organicity  ou  l'anorganlclty  d'un  souffle  systolique.  Dans  quelques 
cas ,  vu  1' importance  du  diagnostic  d'organicity  pour  la  dytermination  de  l'aptitude  au  personnel  navi¬ 
gant,  il  paralt  utile  di  s 'aider  de  techniques  non  sanglantes  que  sont  les  mycanogrammes  cardiaques.  Les 
techniques  aycanographlques  employ tei  dans  le  service  sont  les  suivantes  s 

a)  phonocardiogransse  avec  4  bandes  de  frequence  (35  Bs,  70  Hz,  140  Hz,  280  Hz)  prls  au  ni¬ 
veau  d' auscultation  du  souffle  systolique  | 

b)  1' itude  du  carotldograme  porte  sur  deux  Ailments  i 

-  ytude  de  la  norphologie  du  tracy, 

-  ytude  des  chronologies  des  divers  accidents  de  la  courbe,  temps  d'ascension,  temps 
de  l/z  ascension  et  durle  de  l'ljection  ventriculaire  gauche. 

Kais  ces  temps  doivent  8tre  corrigls  en  fonctlon  du  rythme  par  l'abaque  de  FBXNOD  et 

CAKKB. 

c)  apexograme, 

d)  ipreuves  dynamiques  coeiprenant  > 

1  -  la  manoeuvre  de  Valsalva  permet  d'affirmer  que  le  souffle  systolique  est  d'origine 
gauche  ou  droite.  Dans  le  souffle  d'origine  droite,  le  souffle  prend  A  la  fin  de  l'lpreuve  son  intensi¬ 
ty  maximum,  alors  qu'A  l'inverse,  pour  le  souffle  d'origine  gauche,  il  ne  devient  maximum  que  cinq 
systoles  suivant  1'arrlt  de  l'ypreuve. 

2  -  ypreuves  pharmacodynamiques  avec  prise  de  traces  aprls  1  ypreuve  au  nitre  d'amyle 
ou  l'isuprel  cemplltle  par  les  ypreuves  aux  sybstances  vasopressives  (aramines,  mythoxamine). 

Done,  A  la  fin  de  nos  tracts,  il  est  possible  de  conclure  schtmatiquement  si  le 
souffle  est  d'obstruction  ou  de  rygurgitation,  s'il  est  droit  ou  gauche. 
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Etudions  les  diffdrents  types  de  souffle  sys toll que  que  l'on  yeut  reneontrer  en  visits  d* ad¬ 
mission  ou  en  vislte  rdvlsionnelles. 

V  I£S  SOUFFLES  SYSTOLIQUBS  ABOHOAMIOUBS 

l)  Le  souffle  infundibuloyulaonaire  ou  souffle  de  TRIPIBK-CBVIS  est  trds  frdquesaent  ren¬ 
contre  chez  les  j cures  candidate  ayant  une  dlasticitd  artdrielle  tris  grande*  C'est  un  souffle  systo- 
lique  sidgeant  au  foyer  yulmonaire  dans  la  rdgion  yarasternale  gauche  4  la  yartie  interne  du  2*  ou 
3*  esyace  intercostal  gauche*  Le  mdcanisme  du  souffle  est  l'engouffr  eaten  t  du  sang  dans  un  orifice  yul- 
stonaire  jouant  le  rOle  de  rdtrdcissement  fonctionnel* 

Les  critdres  mdcanographiques  seront  ceux  d'un  souffle  d'obstruction  droit. 

Du  yoint  de  vue  story hologi  que,  on  remar quera  que  le  souffle  est  yrotosystolique  accold 
au  1*  bruit*  decrescendo  et  laisse  libre  la  mdao  et  la  tdldsystole. 


2)  Les  souffles  cardioyulaionaires  (souffle  de  Potain) ,  rencontres  y lus  rarement,  ne  ftaissent 
yas  au  niveau  d'un  orifice  du  coeur  et  varient  considdrablement  avec  les  phases  du  cycle  resyiratoire 
et  la  yosition  du  yatient* 

Ils  sont  yergus  dans  la  rdgion  endoyexienne.  Ils  yeuvent  ttre  inspiratoires  et  exyiratoires 
ou  unique* ent  inspiratoires. 

B/  LIS  30UPPLE8  SY8TOLIOUES  OBGAMigOBS 
1)  Le  rdtrdcisses^nt  aortique 

Le  phonocardiogransse  montre  que  c'est  un  souffle  d'obstruction  gauche  avec  les  critdres 
que  nous  avons  ddcrits  plus  haut* 
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Quelques  nuances  phonocardiographiques  sent  propres  &  la  stAnose  sort 1 que  i 

-  dlsparition  de  la  cce^osante  aortique  du  2*  bruit, 

-  constatation  d'un  cla  quotient  protosystolique  (ou  click)  d'AJectlon  qui  se  rencontre  dans 
certains  cas . 

le  carotldog rasae  du  rAtrAcissement  a or ti quo  prAsente  du  point  de  rue  sMrphologlque  one  sArie  de 
crAnelures  (inage  en  crAtes  de  coq  on  en  dent  de  scie)  A  la  partie  terninale  de  la  branche  ascendante  et 
une  disparition  de  1* Incisure  catacrote,  Du  point  de  vue  chronologique,  on  note  une  au mentation  du  toqps 
d'ascension,  du  tenps  de  deni-ascension  et  du  t  caps  d* Ejection  systolique.  Sur  l'apexograne  du  rAtrAcisse- 
nent  aortique,  on  renarque  une  augsentation  de  l'onde  A*  On  peut  nftme  aller  plus  loin,  des  correlations  les 
plus  precise*  entre  1 *  importance  du  gradient  ventrlculo-aortique  et  le  carotldogramme  ant  ete  etablies  dans 
lequel  le  tenps  de  deni-ascension  et  le  tm^s  d' ejection  valent  signlficatlvement  en  raison  directs  du 
gradient.  Id,  cinq  critAres  de  sAvAritA  ont  pu  ftre  proposes  i  extinction  de  B  1  au  foyer  aortiquep, pre¬ 
sence  d'un  B  4,  chronologic  tardive  des  vibrations  naxina  du  souffle,  allongeaent  du  tenps  d' ejection  ven- 
triculaire  gauche  et  allongement  du  tenps  de  deni-ascension  au-delA  de  0,0t  seconde,  Le  rAerAclsseswat  est 
d'autant  plus  serre  que  l'enfegistrenent  conporte  un  nonbre  plus  grand  de  cea  cri tires* 


2)  La  cardiasyopathle  obstructive  realisant  un  obstacle  A  1' ejection  ventrlculaire  gauche 
doit  Atce  systenatiquement  recherchAe  A  la  vislte  d'adnission  en  raison  de  la  frequence  des  norts  subites 
chez  lejet  jeune  porteur  de  cette  cardiopathie* 

Le  trace  du  phonocardiograane  visual it era  un  souffle  d'obstruction  du  type  gauche. 

Le  carotidograsme  joue  un  rOle  essentiel  dans  le  diagnostic*  II  conporte  sur  la  partie 
descendants  aprAs  une  brusque  descente  suivie  d'un  creux,  une  nouvelle  onde  positive  noins  AlevAe  que  la 
premidre  sumommee  par  BKAUMVALD  "systolic  bulge",  Ce  signe  n'est  pas  pathognomonique  pulsqu’en  etudiant 
les  traces  de  1000  oilotes  nous  l'avons  rencontre  chez  2$  sujets  lndemnes  de  toute  anomalie.  L'apexogrmmse 
presente  une  onde  A*une  bifidite  du  plateau  systolique  et  e'est  un  argument  important  pour  le  diagnostic, 

Hals  nous  voudions  insister  sur  la  pharmacodynamie  ;  un  sujet  ne  peut  rien  avoir  A 
1'etat  basal  et  l'Apreuve  au  nitrite  d'asiyle  fait  decouvrlr  les  anomalies  mecanographiques.  Nous  prendrons 
pour  exemple  un  pilote  de  HIBAtB  III  porteur  d'une  onde  0  ample,  inexpliquAe,  en  D2,  D3,  VF  et  sur  le  prA- 
cordium  gauche,  Seule  l'Apreuve  au  nitrite  d'amyle  a  fait  apparaftre  le  souffle  systolique  et  1'anomAlie  au 
carotldograssse. 


J 


3)  L* Imsuf f isance  mltrale  .  Les  caractdres  phonocardiographiques  sont  ceux  d'un  souffle  de 
regurgitation  gauche*  Ce  souffle  enregiatr*  k  la  pointe  est  de  tonalitd  aiguB,  ce  qui  explique  souvent  la 
difficult*  de  son  enregistreaent.  II  existe  des  variations  norphologiques  en  particulier  t  le  souffle  au 
lieu  d'etre  holosystolique  peut  Btre  decrescendo  et  trAs  souvent  il  n'est  que  tdldsystolique  laissant  li¬ 
tre  la  proto  et  la  mdsosystole*  Devant  tout  souffle  tdldsystolique,  il  faut  penser  A  l'insuffisance  nitra- 
le. 

Le  carotidogranne  est  normal  et  k  l'apexograasne  on  enregistre  une  onde  F  aiguB,  pointue 
contesiporaire  d'un  B  3  au  phonocardiograsne. 


Nous  voudrians  placer  id  les  triolets,  bruits  ou  dies  mdsosystoliques  suivis  ou  non 
d'un  souffle  tdldsystolique*  Les  dpreuves  pharmacodynasiiques  permettent  de  reverser  dans  la  pathologie 
mitrale  ces  dies  mdsosystoliques  longtemps  attribuds  k  une  origlne  extradardiaque.  Ces  dies  mdsosys to¬ 
ll  ques  sont  souvent  ignores  et  pris  pour  un  dddoublenent  du  2*  bruit*  L'intdrdt  de  la  phonocardiograw 
phie  est  de  pouvoir  les  vlsualiser. 


4)  Le  souffle  systollgue  de  la  ce— unicatlon  interventriculalre  enregistr*  au  niveau  de 
l'endapex  est  un  souffle  de  regurgitation  gauche.  Il  existe  quelquefois  un  dddoublenent  de  B2  tradui- 
sant  un  retard  de  la  cacposante  pulmonaire  P2  sur  la  composante  aortique  A  2*  Four  IKATHAM,  la  durde  de 
l'intervalle  A  2  -  F2  traduit  le  volume  du  shunt.  Four  FISH1EDKS,  l'isiportance  du  shunt  gauche  droit  est 
proport ionne lie  A  la  longeur  de  l'intervalle  0  M  1  et  inversement  proportionnelle  i  celle  de  l'intervalle 


5)  Le  shonocardioaramse  du  souffle  de  la  cowp-lcatlop  interauriculalre  est  celui  d'un  souf¬ 
fle  d' obstruction  droit  traduisant  une  stAnose  pulnonaire  fonctionnelle*  II  existe  un  dAdoublsnent  du  deu¬ 
xiAne  bruit  dost  le  caractdre  principal  est  sa  fixitA  par  rapport  aux  ■ouveaents  respiratolres* 

6)  La  stAnose  pulisanalre  solAe.  c' est  4  dire  avec  septus  interauriculalre  et  int erven tricu- 
laire  intacts  donne  un  souffle  d'obstruction  droit  smxliaas  aux  2*  et  3*  espaces  intercostaux  gauches*  Hais 
la  aorphologie  est  diffdrente  du  souffle  d'obstruction  droit  des  souffles  lnfundlbulopulaonaires  t  lei  il 
est  4  naxlssas  nAso  et  tAldsystolique  dApassant  A  2  qui  peut  8tre  noyA  dans  le  souffle  aais  n'atteint  pas 

P2. 

II  existe  dans  la  stAnose  pulnonaire  un  clic  systollque  d* Ejection  au  foyer  pulnonaire, 
un  dAdoublosent  du  2*  bruit  et  parfois  un  B  1  ■  Au  jugulograsne,  on  relAve  une  onde  A  augsentAe  de  voltase* 

L' appreciation  de  la  gravitA  hAmodynani que  se  base  sur  la  distance  sAparant  le  aux!  nun 
du  souffle  au  1*  bruit,  la  presence  de  B4,  l'augsentation  de  l'onde  A  du  jugulograaaae,  l'Acart  A2  -  K 
(en  plus  l'Acart  A2-P2  en  centiAme  de  seconde  aultipliA  par  10  donnent  le  chiffre  de  la  pression  ventri- 
culaire  droite). 

7)  Les  nAcanoara—es  sont  bien  en  re  trait  par  rapport  4  la  Clinique  dans  le  diagnostic  d'u- 
ne  coarctation  aortique,  LA  clinique  est  riche  avec  un  souffle  systollque  endapexien  et  entendn  dans  l'es- 
pace  interscapulovertAbral,  augsentation  de  la  tension  artArielle  aux  nembres  supArleurs,  artAres  fAnorale 
faiblement  pergues,  dAveloppesnnt  d'une  circulation  anastanotique  dAcelable  cliniquoaent  se  traduisant  par 
des  Arosions  costales  sur  la  radiographie  pulnonaire* 

Les  nAcanograsnes  peuvent  individualiser  deux  souffles  t  l'un  est  un  souffle  de  dAbit 
done  protosystolique,  l'autre  celui  de  l'obstacle  est  tAlAsystoHque  aals  d'obstruction  augaentA  par  l'A- 
preuve  au  nitrite  d'anyle  qui  le  dAplace  dans  la  protosystole* 

Le  tracA  du  pouls  f Amoral  est  retardA  par  rapport  au  pouls  radial. 

Nous  voyons  que  l'areille  est  souvent  prise  en  ddfaut  pour  affinaer  I'origine  d'un  soufr 
fie  systollque  >  1' expert  du  personnel  navigant  doit,  devant  tout  souffle  systollque  pratiquer  des  nAca- 
nograsnes  cardiaques.  Ceux-ci  p  erect  tent  de  typer  le  souffle  et  peuvent  dans  certains  cas  apprAcier  le  de- 
grA  du  retentissement* 


III  -  Le  CABOTIPOggAHHB  TgjjOIN  Eg  LA  PISTE N5IBILITE  AKTPIELLB 

II  paraft  sAduisant  d'essayer  d'apprAcier  la  distensibilitA  de  la  parol  artArlelle  par  un 
procAdA  physique  tel  que  le  earotidograasse. 

Le  carotidograaae  est  recuellli  grtce  4  un  capteur  4  variation  d'inductance.  Cette  tech¬ 
nique  est  facile,  non  sanglante  et  de  ce  fait  facileaent  reproductible  4  cheque  expertise  s ernes txielle 
du  personnel  navigant*  La  earotidograasse  normal  est  fait  d'une  aontAe  raplde  (onde  pulsion)  suivie  d'une 
desceate  (onde  de  rAflexion)  se  tenainant  par  l'lndsure  catacrote,  l'lncisure  Atant  suivie  d'une  deuxiAne 
onde  ou  onde  dicrote. 


i  d’une  part  des  variations  morpholeglques 


Avec  l'lge,  nous  avons  cons tat A  deux  AlAments 
et  d'autare  part  des  variations  du  rapport  l/A. 

a)  Variations  morshologigues 

Avec  l'tge,  la  aorphologie  de  la  courbe  du  earotidograasse  se  nodifie,  la  aontAe  se  fait 
noins  rapldoient  et  le  deuxiAne  sosniet  systollque  progresse  le  long  du  segaent  descendant  jusqu'4  dApasser 
le  premier  sonnet  et  aboutir  au  tracA  type  anacrote* 


Sur  1000  pilotes,  me  RIBD,  nous  irons  ttudli  ru  tranche  d'Age  de  10  ass,  1000  carotldo- 
PiaMS*  C«  tyre  anacrote  eat  peu  frtquent  dans  le  group e  de  sujets  l|ii  de  18  A  29  ana  pulsqu'il  est 
rencoatrt  0,34  X, 

Ce  type  aupaente  ltgtrcaent  dans  le  group*  des  sujets  Agts  de  30  ft  39  ans  puisqu'll  est  de 
2,80  X,  Male  dans  le  groupe  de  40  1  50  ans,  le  tract  anacrote  est  de  14,25  X,  Done  15  X  des  pllotes  Agts 
de  40  ans  ant  un  tract  de  type  anacrote,  ttaoin  d'une  modification  de  l'tlasticitt  de  la  parol  arttrlelle. 

b)  ftude  du  rapport  l/A 

Bn  a8ae  temps  que  surriennent  ces  modifications  avec  l'Bge,  le  rapport  hauteur  de  l'lndsure 
(1)  sur  l'smplitude  de  l'onde  pulsatile  (A)  augmente,  Avec  POGUES,  nous  avons  mesurt  chez  250  pilotes,  le 
rapport  l/A*  Dans  les  trois  group es  O' Age  moyan  difftrent,  le  rapport  progresse  avec  l'tge, 

frsmier  groupe  I  noabre  de  sujets  t  100  (Age  17  A  29  ans) 

Moyenae  d'Bge  t  21  ans, 

j  -  a  21  +«S  »  21  •  0,437  ♦  0,020 

Deuxltae  groupe  i  noabre  de  sujets  i  70  (Age  30  A  52  ans) 

Noyenne  d'Age  t  41  ans* 

j  .  a  41  ♦  2  a  41  -  0,5«9  ♦  0,023 

Trolslts*  grouse  i  noabre  de  sujets  i  80  (Age  32  A  78  ans) 

Koyean*  d'Age  t  53  ans 

j  -  a  53  ♦  2  T~«  53  -  0,586*+  0,020 


BOWKS  grAc  e  A  une  ttude  sur  aodtle  hydraulique  a  pu  aontrer  que  le  rapport  1^  ii  carotidograa- 
ae,  rapport  de  la  hauteur  da  l'lndsure  catacrote  sur  l'aaplitude  de  l'onde  pulsatile  A  est  un  reflet 
de  la  distenslbilitt  arttrlelle, 

Bxptrimentaleaent,  ce  rapport  augmente  lorsque  l'tlasticitt  du  systiae  hydraullque  diainue  ou 
lor* que  les  rtsistances  ptriphtrlques  augaentent  |  pour  une  mSae  pression  diastollque,  le  rapport  1^  aug- 
aente  lorsqu'on  diainue  l'tlasticitt  des  parols  du  aodtle  ou  lorsque  les  rtsistances  A  l'tjection  A  aug- 
aentent.  La  perte  de  la  distenslbilitt  arttrlelle  apparatt  ainsl  coasse  pouvant  8tre  lite. 

-  soit  A  un  facteur  dtgtntratlf  parittal  propre  au  se^sent  interrogt, 

-  soit  A  un  facteur  ptriphtrique,  obstacle  A  l'tcouleaent  liquid! en, 

far  ailleurs,  sur  le  aodtle,  l'smplitude  de  l'onde  dlcrote  apparatt  d'autant  plus  falble  que 
la  distenslbilitt  arttrlelle  est  diainute. 

Ainsi  est  soullgnte  A  nouveau  1'inttrSt  de  l'ttude  du  rapport  1.  du  caro tidogramae  qui  pernet 
au  cliniden  de  se  faire  rapideaent  une  idte  de  la  distenslbilitt  du  sys>4  ttae  arttriel. 


IV  -  BT0DB8  CHKOMOCABDIOQgAfHIOOES 

fuisque  les  intervalles  du  chronocardlograaae  varlent  selon  1 ' importance  de  l'attelnte  myo- 
cardlque,  11  ttalt  log! que  de  chercher  A  savoir  s'il  existait  une  corrtlation  entre  ces  difftrents  in¬ 
tervalles  et  les  donates  hfatadynaai ques  apporttes  par  le  cathtttrisae  cardiaque  et  la  clntangiographie 
ventrlculaire,  C'est  ce  qu'ont  fait  i 

—  VBISSUEK  (1970)  ASONOV  (l97l)  pour  l'ttude  de  la  contraction  du  muscle  myocardique. 

Hals  auparavant,  11  nous  faut  rappeler  les  difftrentes  mesures  que  l'on  pratique  en  chronocar— 

dlographle, 

1  intervalle  tlectroatcanique  allant  du  point  Q  de  l'tlectrocardicgramme  au  point  C  de  l'apexogram- 

ae* 

t  ou  intervalle  prtexpulsive  allant  du  point  C  de  1'apexogranRie  au  point  E  de  la  courbe  carotido- 
dlenne.  Cet  intervalle  prtexpulsive  de  divise  en  deux  parties  t  T2A  ou  contraction  prtisoattri- 
que  du  point  C  de  1'apexograame  A  la  feraeture  des  valves  mltrales,  c'est  A  dire  sur  le  phono- 
cardiograaae  aux  preaitres  composantes  rapides  de  B1  et  T2B  uu  contaction  lsoattrlque  de  la 
feraeture  aitrale  ou  point  E  de  la  courbe  carotidienne. 

-  T«3  1  ou  testps  d'tjection  systolique  du  point  B  A  l'lndsure  catacrote  du  carotidograaae,  Hals  ces 

aesures  doivent  ttre  cortltes  en  fonctlon  du  rythae  cardiaque. 
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E 


Le  T3  varie  en  fonction  inverse  de  la  frequence  cardlaque,  En  utilisant  les  Equations  de  regres¬ 
sion  de  WBISSIEK,  on  seut  calculer  i 

T  3C  «  T  3  ♦  1,7  I  >• 

Avec  cette  forsule,  T3  normal  est  de  413  +  10  ms  (valeur  normale  extrapolde  pour  une  frequence  car¬ 
diaque  nulle) •  On  utilise  egalement  l'abaque  de  PERNOD  et  CARRE  qui  est  basee  sur  la  relation  lineaire  en- 
tre  T  3  et  R,R, 

I3C  ■  1,02  T  3  +  195,4, 

Cependant,  en  etudiant  la  relation  entre  HB  et  T3  sur  de  nombreux  sujets  sains,  OOLIN  et  CASKS  ont 
de  fagon  const ante  observe  une  correlation  lineaire  differente  de  celle  obtenue  par  VEISSIER,  tls  ont  pro¬ 
pose  en  1978,  la  formule  de  correction  sulvant e  i 

T  3C  ■  T  t  1,4  I  t 

c 

T  3  normal  est  alors  de  3  +  ♦  13,3  ms 

Ces  trols  differents  temps  mesurds  par  mecanographie  externe  classique  ont  ete  valldds  par  compare l- 
son  avec  les  ndt bodes  sanglantes,  Travaux  executes  par  de  nombreux  auteurs  avec  des  rdsultats  sinllalres  i 

T  3  externe  et  T  3  sanglant  ont  ete  etudies  en  particulier  pour  BORSH,  MART IK,  Van  der  KIT,  Le 
T  3  mesurd  sur  le  carotidograme  a  ete  compare  k  l'enregistrement  simultane  de  la  pression  sanguine  k  la 
base  de  l'aorte  descendante  par  catheterisme,  Les  coefficients  de  correlation  varlent  de  0,97  k  0,99  sui- 
vant  les  auteurs,  le  T  3  sanglant  est  gdndralesMnt  plus  court  de  3  k  4,5  ms  que  le  T  3  non  sanglant. 


J. 
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La  validity  de  la  mesure  de  la  systole  eicctromecanique  totale  par  l'intervalle  T1  ♦  T2  ♦  T  3 
a  ete  demontree  par  Anaataaaldea  «t  Brough  (experimentation  aur  dea  chlens,  coefficient  de  correlation 
2  »  0,90. 


Enfin  la  validity  de  la  meaure  de  T  2  par  vole  externe  a  auaal  t  te  etablie  par  rapport  *  aa  me¬ 
aure  par  vole  aanglante  par  BUSH  et  METZGER  avec  dea  coeffidenta  de  correlation  de  0,94  4  0,98.  Par 
ailleura,  l'lnterBt  de  cea  intervallea  de  tempa  systolique  a  ete  mis  en  evidence  I 

-  METZGER  a  etabli  que  la  pdriode  *  pre-ejection  eat  en  relation  etroite  avec  le  tempa  de  contraeti«i 
iaovolumetrique,  le  deiai  eiectrcmecanique  etant  relativement  con* t ant  entre  30  et  40  ma.  AHMED  a, 
de  plua,  montre  qu'il  exiatait  une  bonne  correlation  entre  la  valeur  de  T  2  et  la  viteaae  maxima 
de  variation  de  preaaion  dan*  le  ventr icule  gauche.  Le  rapport  T2  eat  trea  important  dan*  1* evalua¬ 
tion  de  la  contractilite  myocardique.  D'aprAs  WEXSSLER,  il  T3  presente  une  forte  correlation  avec 
l'index  cardiaque.  11  eat  d'allleurs  plua  aensible  que  ce  dernier  et  peut  se  reveler  normal  alara  que 
1' index  cardiaque  eat  encore  dana  lea  limitea  de  la  normale  (LEVIS). 

Enfin  GAKBAHD  a  montre  que  le  rapport  T2  preaente  auaal  une  excellente  correlation  (2  •  0,90) 
avec  la  fraction  dejection  angiographique.  T3 

La  meaure  dea  intervallea  de  tempa  ayatolique  alnai  appliquee  et  analyaee  permet  une  evaluation 
dinlque  aenalble,  facilement  reproductible  et  quantitative  au  deg rt  de  deterioration  dea  performance*  du 
ventricule  gauche. 

Cette  methode  a  ete  utilisee  en  medecine  aeronaut! que.  STAFPOBT  a  *  en  eat  servi  pour  etudier  lea 
modification*  circulatoirea  provoqueea  par  de*  changementa  de  position  du  corps,  (XAYBOYS  pour  etudier 
le*  reponsea  cardiovasculaires  au  teat  de  pression  negative  aur  la  moltie  inferieure  du  corps  et  aux  ac¬ 
celeration*  e  G  2  (la  frequence  cardiaque,  le  T  3,  T  2  et  le  rapport  T2  augmenteront  proportlonnellement 

au  niveau  d* acceleration  atteint  et  rarement  A  de*  valeur*  normale*  a??e*  SO  sec  de  repos).  Avec  FITOCSSI 
nous  avons  utilise  cette  methode  au  cour*  de  l'exercice  physique  et  montre  l'lnterBt  du  rapport  T2  pour 
apprecier  la  forme  physique  du  point  de  vue  cardiovasculalre.  Mai*  cette  methode  bien  codifiee  T3  pre¬ 
sente  quelques  inconvenient*  I  difficulte  de  mise  en  place  du  capteur  carotldien,  etude  du  coeur  gauche 
■euloaent.  C'est  la  raison  pour  la  quelle  OOUE,  aprda  correlation  avec  le*  mecano  gramme*  cardiaque  propo¬ 
se  de  mesurer  cea  intervallea  de  temps  systoliques  grtce  A  la  piethysmographie  cardiaque  par  impedance 
eiectrique.  Cette  methode  elegante,  facile,  non  sanglante  en  cour*  de  validation  eat  appeiee  A  un  grand 
avenir  en  medecine  aeronautique  et  spatlale. 
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CONTRA CTI LITE  MYOCARDIQUE  -  MEDECINE  AEROSPATIALE. 


I  I 

RESUME 


Les  techniques  d'echocardiographie  sont  de  plus  en  plus  d£velopp£es  et 
perfect lonnees. 

Si  le  mode  T.M.  (Temps-Mouvement )  reste  le  plus  utilise,  1 ' echocardiographie 
bl-dimensionnelle,  et  avec  Doppler  pulse,  s'avfere  egalement  d'un  grand  interSt. 

Les  applications  de  1 ' echocardiographie  sont  multiples  en  Medecine  Aerospa¬ 
tiale.  Sont  plus  longuement  Studies  : 

la  cardlomyopathle  obstructive,  le  prolapsus  mitral,  1 'etude  de  la  valeur  fonctionnelle 
du  myocarde. 


Les  progrfes  en  Cardiologle  ont  ete  marques,  au  cours  de  ces  quinze  derniferes 
annees,  par  le  developpement  de  methodes  d 1  investigations  non  sanglantes. 

Parmi  celles-cl,  1 'echocardlographie  tlent  une  place  de  choix. 

Nous  en  rappe&erons  brifevement  le  principe  et  les  dlverses  modalites 
techniques,  puis  nous  envisagerons  quelques  cas  ou  son  utilisation  est  partlculierement 
interessante  en  Medecine  Aeronautique. 


. . . . . ”1 

PRINCIPES  ET  TECHNIQUES.  1 

_ _ _ _ _ _ _ _ ■ 


L'echocardiographle  resulte  de  l'application  et  del'utilisatlon  au  niveau 
du  coeur  des  proprietes  des  ultra-sons. 

Un  faisceau  d'ultra-sons  traverse  un  milieu  homogfene  (liquide  ou  solide) 
mals  se  reflSchit  (donne  un  echo)  lorsqu'il  arrive  k  l'interface  de  deux  structures 
dlfferentes. 

Les  ultra-sons,  cependant,  ne  se  propagent  pas  dans  l'alr.  II  est  done 
possible,  grSce  A  une  sonde  ou  transducteur,  fonctionnant  k  la  fois  comme  emetteur  et 
recepteur  sur  une  frequence  de  2,25  &  5  Megahertz,  de  recueilllr  les  echos  provenant 
de  la  reflexion  d'ultra-sons  sur  les  dlfferentes  structures  cardiaques.  Ces  echos 
peuvent  Stre  projetes  solt  simplement  sur  un  scope,  soit  sur  differents  systfemes 
d ' enregi strements . 

La  sonde  est  appliquee  A.  la  partie  interne  du  J^me,  Aeme  ou  5&me 
espace  intercostal  gauche,  et  en  modlfiant  1 ' orientation  du  transducteur,  done  du 
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faisceau  d ' ultra -sons ,  on  peut  vlsualiser  les  diff^rentes  structures  cardlaques. 

II  faut,  blen  entendu,  4viter  toute  interposition  osseuse  costale  ou  sternale, 
et  ^tablir  un  contact  £troit'  entre  la  parol  et  la  sonde  grSce  k  une  pate  inerte  (les 
ultra-sons  ne  se  propagent  pas,  ou  tres  mal,  dans  l'alr). 

Plusieurs  modalit^s  techniques  se  sont  d£velopp£es  en  ^chocardiographie. 


I  -  TECHNIQUES  UNI-DIMENSIONNELI.ES  (MONOSCAN). 


Ces  techniques  utilisent  un  seul  capteur  (un  seul  faisceau). 

1  .  En  ^chographle  A  (A  pour  Amplitude).  Les  diff£rentes  structures  du  coeur  travers^es 

par  le  faisceau  donnent  naissance  k  des  £chos  vertlcaux  dont  1' intensity  est  propor- 
tionnelle  &  1' intensity  de  la  reflexion 

La  distance  s^parant  deux  ^chos  peut  §tre  facilement  mesur^e.  Ce  mode  4cho- 
cardi ographique  n'est  plus  gufere  utilise  actuel lement . 

II  s'agit  essentiellement  d'une  technique  de  rep^rage. 

2  .  En  ^chocardlographle  T.M.  (pour  Temps-Mouvement  ou  Time-Motion).  Ces  £chos  sont 

repr^sent^s  par  un  point  plus  ou  moins  brillant  selon  1' intensity  de  l'6cho.  Mais, 
de  plus,  ces  points  sont  visualises  en  fonctlon  du  temps,  sous  forme  de  courbe. 

Les  structures' cardlaques  peuvent  ainsi  @tre  visualises  durant  les  dlff^rentes 
phases  de  la  revolution  cardiaque  (systole-diastole). 

On  a  done  un  aspect  dynamlque  des  structures  cardlaques  etudiees 

La  chronologle  des  ph^nomenes  peut  Stre  precisee  par  1 1 enregi strement  simul- 
tane  sur  le  meme  document  d'une  derivation  de  l'E.C.G.  ou  du  carotldogramme . 

Le  Mode  f.M.  reste  le  plus  couramment  utilise  en  Cardiologie. 


L' image  visualisee  en  echocardiographi e  mono-dimensionnelle  est  une  image 
punctlforme  obtenue  a  l'endroit  ou  le  faisceau  ultra-sonique  rencontre  la  structure 
cardiaque  etudiee.  La  methode  ne  donne  done  pas  une  image  reelle  du  coeur.  Cette  image 
doit  Stre  lnterpretee. 


II  -  LES  TECHNIQUES  BI-DIMENSIONNELLES  (  MULTISCAN  -  SECTORSCAN  ). 


Ces  techniques  sont  nees  de  cette  insuffisance.  Elies  permettent  de  visualiser 
non  pas  selon  un  point,  mais  selon  un  plan  (en  deux  dimensions)  une  partie  du  coeur 
r^alisant  l'^quivalent  d'une  coupe  tomographique . 

De  plus,  cette  ^chotomographie  cardiaque  n'est  pas  fixe  (comme  une  tomographie 
radiographique )  mais  dynamlque,  donnant  une  veitable  image  en  temps  r£el  du  plan  de 
coupe  cardiaque  ^tudl4. 

Dans  cette  technique,  on  utilise  non  plus  un,  mais  une  s£rie  de  mi crocapteurs 
places  les  uns  k  cdt4  des  autres.  Un  balayage  £lectronique  les  fait  fonctionner  succes- 
sivement  dans  des  temps  trfes  courts  comme  £metteurs  et  r^cepteurs. 

3  .  En  ^chographle  Multi  scan,  le  plan  de  coupe  est  rectangulaire.  Les  capteurs  sont 

disposes  en  ligne  sur  une  barrette  qui  peut  d^border  l'espace  intercostal.  Dans  ce 
cas,  l'interposltion  de  materiel  osseux  va  gdner  l'examen. 

Par  contre,  la  definition  de  l' image  est  bonne  avec  cette  methode. 

4  .  En  echographle  Sectorscan.  le  plan  de  coupe  est  reduit  k  un  secteur  angulaire  de  30, 

O0  ou  gOd  selon  les  apparells.  Le  sommet  de  l'angle  se  trouve,  bien  entendu,  au 
niveau  des  transducteurs.  L'avantage  de  cette  technique,  qui  est  1ft  plus  utilisee,  est 
que  la  sonde  ,  de  plus  petit  volume,  trouve  facilement  place  dans  un  espace  inter¬ 
costal  ou  mdme  au  creux  dpigastrique. 


Deux  incidences  sont  particuli ferement  Studies  en  ^chocardiographie  bi- 
di mensionnelle . 

-  La  coupe  longl tudlnale  donne  une  coupe  du  coeur  selon  son  grand  axe.  On  y  visualise 
particuli^rement  la  naissance  de  l'aorte,  l'orifice  aortlQue  avec,  en  arri&re,  l'oreil- 
lette  gauche,  l'orifice  mitral,  les  valves  mitrales;  les  cavlt^s  ventriculaires  et  le 
septum  qui  les  s£pare. 


.../... 
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Le  mouvement  des  valves  mltrales  peut  particuliArement  Stre  apprAcie 
dans  cette  Incidence.  Chez  le  sujet  normal,  l'anneau  aortlque  et  l'anneau  mitral 
font  un  angle  de  100  A  110°  ouvert  vers  la  polnte. 

En  systole,  les  feulllets  mitraux  sont  accoies  en  falsant  un  angle  algu 
volsln  de  90°,  ouvert  vers  l'orelllette. 

F.n  diastole,  les  deux  feulllets  mitraux  rejoignent  les  parols  anterieure 
ou  postArleure  ou  en  restent  separAs  de  quelques  millimetres. 

-  La  coupe  transversale  permet  d'obtenir  des  plans  de  secteurs  horlzontaux  A  diffe- 
rents  niveaux  du  ventrlcule  gauche  et  du  septum  surtout,  et  de  la  naissance  des 
gros  valsseaux. 

-  La  coupe  des  quatre  cavltAs  s'obtient  en  plagant  le  transducteur  &  la  polnte  du 
coeur,  les  faisceaux  ultra-sonlques  sont  dlrlg^s  vers  la  base. 

On  visualise  Men  ainsi  les  deux  ventricules  et  les  appareils  mitral  et 
tricuspidien 


III 


DOPPLER 


PULSE 


ET 


ECHOCARDIOORAPHIE. 


Lorsqu'on  envole  un  flux  d'ultra-sons  sur  un  vaisseau  sanguin,  celui-ci  se 
reflSchit  sur  les  hematies.  Comme  celles-ci  se  dAplacent,  il  va  en  resulter  un  effet 
Doppler,  c'est-A-dire  la  production  d'un  son  continu,  d'autant  plus  aigu  que  la- 
vltesse  de  circulation  des  hematies  est  rapide. 

Le  signal  sonore  qul  temoigne  du  flux  sanguin  peut  Stre  transform^  en  une 

courbe. 


Cette  methode  est  trAs  utilisAe  en  pathologie  vasculaire  pour  explorer 
artAres  et  veines.  C'est  un  apport  important  au  diagnostic  des  arterites. 

Habltuellement,  le  faisceau  d'ultra-sons  ne  peut  explorer  que  les  artAres 
proches  de  la  surface  cutanAe  et  explore  la  masse  des  hematies  circulant  dans  le 
vaisseau  sous-jacent. 

Dans  la  technique  de  Doppler  pulse,  on  peut  focaliser  le  Doppler,  non  pas 
seulement  dans  un  axe  donne,  mais  aussi  &  une  profondeur  donnAe.  L' exploration  est 
done  alors  ponctuelle. 

En  Cardiologie,  on  peut  coupler  Achocardiographie  et  Doppler  pulsA. 

On  commence  par  visuallser  les  diffArentes  structures  cardlaques,  en  gAnAral 
en  mode  T.M.  (on  peut  aussi  utiliser  le  mode  A).  Puis,  A  l'aide  d'un  spot  lumineux, 
on  determine  sur  le  scope  1 ' emplacement  que  va  Alectivement  explorer  le  faisceau 
d'ultra-sons  pulsA.  On  peut  alnsl  piaoer  cette  "fenStre"  en  regard  d'un  orifice  (aorti»..t  . 
que,  mitral,  etc...,  du  septum,  etc...). 

Le  flux  des  hAmatles  est  alnsl  enregistrA  au  niveau  de  l'orifice  consldArA  et 
on  peut  ainsi  le  visuallser  sur  le  scope.  Cette  methode  permet  en  partlculier  de  mettre 
en  evidence  de  petites  fultes  ou  de  petlts  shunts  dliflciles  A  affirmer  par  ailleurs, 
sauf  par  mAthode  endocavitalre. 


INTERETS  EN  MEDECINE  AERONAUTIQUE  J 

- 1 


L'lntArAt  de  1 ' Achocardi ographl e  en  Cardiologie  n'est  plus  k  dAmontrer.  Les 
applications  et  les  indications  en  sont  multiples,  et  11  est  hors  de  propos  de  voulolr 
toujhles  aborder. 

F.n  MAdeclne  Aerospatiale,  pn  retrouve  un  grand  nombre  de  ces  Indications. 
Nous  voudrlons  nous  limiter  k  trois  cha,itre^  qul  nous  paraissent  avoir  un  lntArAt 
partlculier. 

1.  Le  diagnostic  des  cardiomyopathies  bst.uctives  (C.M.O.)  parce  qu'll  s'lnscrlt  dans 
le  vaste  chapltre  du  diagnostic  des  souffles  systoliques.  Ce  problAme  est  un  des 
plus  importants  que  l'on  rencontre  au  moment  de  la  selection. 

2.  Le  diagnostic  du  prolapsus  mitral, parce  que  cette  affection  pose  des  problAraes 
aeronautiques  speclflques. 

3.  I. ' apprecl a tl on  de  la  valeur  contractile  du  myocarde.  Ce  dernier  point  reste  encore 

‘rAs  difficile  A  apprehender  mais  semble  appeie  A  un  developpement  certain,  aussi 
bien  en  MAdeclne  Aeronautlque  qu'en  MAdeclne  Fpatiale.  .../... 


LA  CARDIOMYOPATHIE  OBSTRUCTIVE. 
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La  card! omyopathie  bstructive  (C.M.O.)  s'exprime  dans  ses  formes  AvoluAes 
par  des  anomalies  auscultatoires  dominies  par  le  souffle  systollque  mAso-systolique, 
des  anomalies  Alectro-cardiographiques  et  Aventuellement  radlologiques. 

Dans  la  population  de  Jeunes  adultes  qui  casactArise  le  Personne .  .v;  .  irt 
(P.N.),  tout  peut  se  rAsumer  A  un  souffle  systollque  qul ,  A  1 ' auscultatio..,  r,  ,  it 
se  diffArencier  d'un  souffle  Innocent. 

Le  phonocardiogramme  et  les  mAcanogrammes  externes  (carotidogramme,  apexo- 
gramme)  sont  d'un  appoint  trAs  prAcieux  au  diagnostic  .surtout  eouplAs  aux  Apreuves 
pharmaco-dyoamiques,  mais  peuvent  Atre  en  dAfaut. 

L'echocardiographie  va  apporter  une  aide  complAmentaire  au  diagnostic,  et 
dans  certains  cas,  quelques  AlAments  d'apprAciation  de  degrA  de  sAveritA  de  1' obstruc¬ 
tion. 


1.  L'ECHOCARDIOGRAPHIE  T.M.  dans  la  C.M.O. 

La  sAmAiologie  echocardlographlque  de  la  C.M.O.  en  mode  T.M.  porte  sur  cinq 
points  essentiels.  Si  1 ' observation  des  signes  r-este  valable  avec  le  temps,  leur 
signification  physiopathologique,  leur  valeur  diagnostique,  voire  pronostique,  reste 
trAs  discutable. 

Les  principaux  signes  sont  : 


-  Une  augmentation  de  l'Apaisseur  du  Septum  Inter-ventri culal re .  Cette  hypertrophie 
septa le"asymetriq  :e "(H . S . A . )  se  fait  essentiellement  aux  dApens  de  la  cavitA  ventri- 
culaire  gauche. 

La  paroi . postArieure  reste  d'Apaisseur  normale,  ou  peu  hypertrophiAe.  II 
en  rAsulte  que  le  rapport  Apaisseur  du  sertum  sur  Apaisseur  de  la  paroi  postArieure 
est  augmentA,  supArieur  ou  Agal  A  1,3  (normal  :  1  A  1,2). 

-  La  rAduction  du  diamAtre  transversal  de  la  cavltA  ventriculaire  gauche  (en-dessous  de 
40  mlllimAtres)  est  en  partie  liAe  A  l'H.S.A. 

-  Le  soulAvement  systollque  antArieur  de  la"grande  valve  mi tra le" (S . A . M. )  a  AtA  initia- 
lement  tenu  pour  un  des  signes  essentiels  de  la  C.M.O.  On  a  mdme  essayA  de  corrAier 
le  degrA  de  soulAvement  avec  le  degrA  du  gradient  systollque  enregi stre  dans  la 
chambre  de  chasse  ventriculaire  gauche. 

Des  Atudes  plus  rAcentes,  en  particulier  en  Achographie  bi -dl mensi onnel le , 
ont  montrA  qu'en  rAalltA  le  S.A.M.  corresponds! t  plutot  A  une  image  des  cordages 
qu’A  celle  du  feulllet  mitral  antArieur. 

-  La  butAe  proto-diastollque  de  la  grande  valve  mitrale.  Cette  butAe  peut  durer 
pendant  toute  la  diastole. 

-  La  fermeture  prAcoce  des  slgmoides  aortiques  suivie  d ' une  rAouverture,  plus  rare, 
est  tenue  pour  un  bon  signe  diagncstique.  Kile  serait  1 ' expl 1 ca ti on  de  I'aspect, 
ou  bulge,  du  carotidogramme  observe  dar.s  la  C.M.O. 

Aucun  des  signes  pri s  j so  .Ament  n'est  pathognomonlque  ni  meme  constant. 

Dans  une  serle  de  68  cas  de  C.M.O.  affirmAes  par  catAthArisme  sAlectif  du 
ventricule  dans  le  Service  de  Card:olog!e  de  1'ArmAe  ,  les  signes  suivants  sont 
retrouvAs  avec  la  frAquence  suivante  : 


-  Apaisseur  du  septum  supArieure  ou  Agale  a  lr:-  mm . . .  QO  a- 

-  butAe  septale .  78  t, 

-  vitesse  mitrale  diminuAe  (infArieure  a  70  mu/sec  ) . . .  7S  % 

-  diamAtre  ventriculaire  gauche  InfArieur  ou  Agal  A  An  mm .  73.^ 

-  S.A.M.  supArieur  ou  Agal  A  20  < .  T?.5  * 


2  .  I.’  Achocardlogramme  bi -dl mensi onne  1  le  dans  la  C.M.O . 

I,'  Achocardi ographi e  bi -dimensionnel  le  permet  d'apprAcier  la  morphologie 
du  ventricule  gauche,  surtout  en  coupe  longi tudi na le,  et  les  mouvements  de  l'appareil 
mi  tra  1 . 

-  Sur  le  plan  morphologlque ,  la  mAthode  permet  de  visualiser  1 ' hypertrophi e  et  son 
retentissement  sur  la  cavitA.  Elle  permet  de  dlstinguer  : 

.  des  hypertrophies  prAdominant  sur  la  partie  hau.e  du  septum  i nterventri culai re  ; 

.  des  hypertrophies  intAressant  surtout  les  piliers;  , 


J 
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Elle  permet  egalement  de  vlsualiser  les  modifications  de  foncti onnement 
du  ventri cule  gauche,  ou  l'on  peut  le  plus  souvent  dlstinguer  : 

-  la  desaxation  de  La  cavite  ventriculaire 

-  l'apparitlon  de  deux  zones  de  fonctionnement  distinct  : 

.  la  zone  apicale  hypercl netique , 

.  la  zone  basale,  de  cinetique  r^duite. 

Parfois  apparalt  une  veritable  biloculatlon  du  ventricule. 

Les  coupes  transversa ies  montrent  la  reduction  de  la  cavity  du  ventricule 
gauche  par  la  saillie  septale. 

-  Apparei 1  mi tral . 

En  coupe  longi t udi na le,  on  observe  bien  les  mouvements  des  deux  feuillets 
mitraux,  en  particulier  la  but4e  du  feulllet  ant4rieur  en  dlastoie. 

XI  est  possible  de  voir  que  le  "soulfevement  anterieur  mitral"  est,  en  fait, 
probablement  forme  en  majeure  partie  par  des  cordages  et  leur  inserteurs  sur  la 
grande  valve. 


L ' echocardi ographie  peut  apporter  une  aide  au  diagnostic  des  souffles 
systollques  dans  bien  d'autres  cas  :  retr^cissements  aortiques  sous-va 1 vulai res ,  ou 
peu  semes,  insuffisance  tricuspidienne,  shunts,  etc...  mais  qui  sont  moins  souvent 
rencontres . 


II  —  -..  LE _  PROLAPSUS  MITRAL. 


Le  d4pistage  de  la  C.M.O.  s'inscrit  essentiellement  dans  le  cadre  de  la 
selection  et  du  diagnostic  des  souffles  systollques.  Son  interet  tient,  en  grande 
partie,  au  risque  de  mort  subite  frequemment  observe  dans  la  maladle. 


Le  depistage  du  prolapsus  mitral  repond  au  meme  souci  d'ecarter  les  sujets 
porteurs  d'une  affection  qui  comporte  des  risques  d'lncapacite  brutale  en  vol.  Mais 
cette  affection  semble,  de  plus,  avoir  un  interSt  plus  spec! fi quement  aeronautique. 


1  -  Rappel . 

L'appareil  mitral  comporte  plusieurs  elements  : 

-  un  anneau  deiimitant  l'orifice  ; 

-  sur  lequel  s'lnsferent  deux  valves  ;  la  grande  anterieure,  la  petite  posterieure. 
Durant  la  systole,  la  grande  valve  vient  prendre  appui  sur  la  petite  pour  fermer 

1 ' orifice . 

-  pour  que  les  valves  ne  s'eversent  pas  dans  l'oreillette  lfjirs  de  la  poussee  systoli- 
que,  elles  sont  sous-tendues  par  des  cordages,  eux-memes  amarres  a  des  piliers 
musculaires . 

-  ceux-cl  sont  indi ssociables  de  la  parol  ventriculaire  sur  laquelle  ils  s'inserent. 

Un  des  phenomfenes  iraportants  i  considerer  est  qu'au  moment  de  la  systole  la 
polnte  du  ventricule  gauche  tend  &  se  rapporcher  de  1 'anneau  mitral.  C'est  alors  la 
contraction  des  piliers  qui,  en  retendant  les  cordages,  assure  1'etancheite  de  l'orifice 
mitral  occlus  par  les  valves. 

Le  prolapsus  mitral,  ou  plus  exactement  balloni sation  mltrale,  decrite  par 
BARLOW  est  caract^ris^e  par  un  bombement  de  la  petite  valve^le  plus  souvent  dans 
l'oreillette.  II  peut  en  r4sulter  un  d4faut  d'accolement  des  deux  valves  et'donc  une 
insuffisance  mltrale. 

Parmi  les  complications  du  prolapsus  mitral,  il  faut  souligner  les  troubles 
du  rythme  pouvant  @tre  cause  de  mort  subite. 

?  -  En  quol  le  pllote  est-il  concern^  par  le  prolapsus  mitral  ? 

Toute  reduction  du  volume  ventriculaire  gauche,  et  de  la  distance  polnte-base, 
est  un  facteur  favorisant  le  prolapsus. 

Or,  les  accelerations,  qu'elles  soient  +  Oz  ou  +  Gx  entrainent  une  reduction 
du  volume  ventriculaire  et  tendent  done  &  favoriser  le  prolapsus. 


Mais  les  accelerations  peuvent  agir  par  d'autres  mecanismes. 
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II  a  ete  d£montr&,  ehez  l'animal  d'exp4rlence,  que  les  accelerations  de  haut 
niveau  (+  6  Gz)  et  de  longue  duree  (15  sec.)  pouvaient  lnduire  des  lesions  decrites  sous 
le  terme  d'hemorragies  sous-endocardiques  et  de  cardiomyopathies  de  stress.  Ces  lesions 
interessent  en  partlculler  les  piliers  dont  le  dysfonctionnement  favorisera  le  prolap¬ 
sus  mitral. 

Les  pilotes  des  avions  de  combat  k  haute  performance  poseront  done  peut-Stre 
un  problkme  de  selection  vls-k-vls  du  prolapsus  mitral  et  merlteront  peut-Stre  une 
selection  particulikre  &  l'egard  de  cette  affection  qul  peut  §tre  aggravee  par  le  vol. 

Le  diagnostic  du  prolapsus, en  effet,  n'est  pas  toujours  aise. 

II  se  traduit  k  1 'auscultation  par  un  click  proto  ou  teie-systollque,  accom- 
pagne  ou  non  d'un  souffle  teie-systollque  qul  traduit  1 ' insuf f 1 sance  mitrale  qul 
1 'accompagne. 

La  phonocardiographie  et  les  variations  obtenues  sous  pharmacodynamie  sont  un 
bon  appoint  au  diagnostic  mais  l'echocardiographie  apporte  plus  de  precisions. 


3  -  L'echocardiographie  T.M.  dans  le  prolapsus  mitral. 

Cette  methode  va  objectlver  la  ballonisatlon  mitrale  qui  interesse  le  plus 

souvent  la  petite  valve,  mais  parfois  la  grande. 

Deux  aspects  sont  trks  caracteristlques  :  l'image  en  cupule  et  l'image  en 

ha  mac. 

-  L'image  en  cupule.  Les  deux  valves  ont  un  aspect  normal  en  miroir  pendant  la  diastole. 
Au  debut  de  la  systole,  elles  sont  unies,  realisant  une  trace  unique,  puis  vers  le 
milieu  de  la  systole  la  petite  valve  a  un  brusque  mouvement  de  retrait  vers  l'arrikre. 
Elle  se  decolle  de  la  grande  valve  qu'elle  ne  rejolnt  qu'k  la  fin  de  la  systole  rea¬ 
lisant  1 'aspect  en  cupule.  On  peut  voir  Juste  avant  une  image  de  soulkvement  systolique 
anterieur. 

-  L'image  en"hamac"  ou  en  U.  L'aspect  est  le  meme,  mais  le  mouvement  en  arrifere  de  la 
petite  valve  se  fait  d£s  le  debut  de  la  systole.  II  est  maximum  au  niveau  de  la  meso- 
systole. 

-  D'autres  aspects  ,  moins  typiques,  ont  ete  decrits,  tels  les  echos  multiples  super- 
poses  en  systole.  Ils  ne  peuvent  Itre  reter.us  qu'en  presence  d'un  contexte  Clinique 
et  para-clinique  tr£s  evocateur. 


4  -  L'echocardiographie  bl-dlmenslonnelle  dans  le  prolapsus  mitral. 

Beaucoup  plus  fiable,  elle  apporte  des  donnees  sur  les  conditions  anatomiques 
et  les  mecanismes  du  prolapsus  mitral. 

La  coupe  longltudinale  passant  par  le  grand  axe  du  coeur  semble  la  plus  inte- 
ressante  (certains  Auteurs  accordent  egalement  leur  attention  k  la  coupe  dite  des  quatre 
cavltes). 

-  Dans  les  formes  qui  paralssent  correspondre  k  l’image  en  cupule  en  T.M. ,  on  observe 

un  mouvement  anterieur  de  la  petite  valve  qui,  en  quelque  sorts,  se  verticalise,  alors 
que  la  valve  elle-m@me  prend  un  aspect  concave  qui  ddpasse  le  plan  de  l'anneau  mitral. 

-  Dans  les  formes  qui  paralssent  correspondre  k  l'image  en  hamac  en  T.M.,  le  jeu  de  la 
grande  valve  est  augments.  Dfes  le  debut  de  la  systole,  le  feuillet  anterieur  se  rabat 
sur  le  post^rieur,  le  refoulant  sur  la  paroi  ventriculaire  posterieure. 

Puls,  k  la  m^so-systole,  les  deux  feuillets  r^alisent  un  aspect  arciforme  dont 
le  feuillet  le  plus  post4rieur  d^passe  le  plan  de  l'anneau  mitral. 

II  importe  d’examiner  avec  soin  le  bord  libre  des  valves.  C'est  lorsque  ce 
bord  d^passe  le  plan  de  l'anneau  mitral  que  sont  r^alis^es  les  formes  les  plus  sdvkres 
avec  fuite  mitrale  importante.  Ce  sont  ces  seules  formes  qui  devraient  m^riter  le 
terme  de  "prolapsus  mitral". 

En  fait,  les  cinetlques  des  deux  feuillets  mitraux  sont  trfes  interddpendantas et 
la  ballonisatlon  interesse  souvent  les  deux  valves. 

L'echocardiographie  bi -dlmensionnelle  renselgne  en  outre  parfois  sur  les  ano¬ 
malies  des  structures  responsables  du  mauvais  fonctionnement  des  valves  :  valves  elles- 
mdmes  remaniees,  myxoides,  anomalies  des  cordages  ou  des  piliers,  existence  de  signes 
ventriculaires  gauches. 


.../... 
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III  -  EVALUATION  DE  LA  FONCTION  VENTRICULAIRE  GAUCHE. 


Devaluation  de  la  valeur  fonetionnelle  du  myocarde  reste  difficile,  soit 
parce  que  les  techniques  mises  en  Jeu  sont  traumatiques  (angi ographi e  bi -di mensionnelle ) 
soit  parce  qu'elles  donnent  des  rksultats  dont  la  liability  reste  discutye  (Mesure  des 
Intervalles  de  Temps  Systolique). 

L' echocardi ographie  permet  une  nouvelle  approche  non  traumatique  d '  eva  lua  ti  or, 
de  la  fonction  ventriculaire  gauche.  Elle  permet  de  mesurer  avec  precision  le  diametre 
transversal  du  ventricule  gauche.  Ce  diametre  est  mesury  du  bord  gauche  du  septum  k 
l'endocarde  posterieur.  II  faut,  pour  cela ,  avoir  des  enregistrements  de  bonne  quality 
(en  technique  T.M.). 

A  partir  du  diametre  ventriculaire,  plusieurs  indices  peuvent  @tre  calcules. 


1  -  La  fraction  d'e.lection. 

Cet  indice  permet  d'yvaluer  la  FONCTION  POMPE  du  ventricule  gauche.  Son 
calcul,  k  partir  des  diametres  systolique  et  diastolique  repose  sur  une  hypothese 
concernant  la  forme  gkometrique  du  ventricule  gauche.  Ce  dernier  est  asslmliy  k  un 
ellipsoide  de  revolution  dont  le  grand  axe  est  le  double  du  petit.  Dans  ces  conditions, 
le  volume  est  ygal  au  cube  du  diame.tre  transversal. 

Apres  mesure  des  diamktres  transversaux  teiydiastolique  (D.D.)  t4l6systoli- 
que  (D.S.),  il  est  facile  de  caleuler  le  volume  d'ejection  systolique  : 

A  v  =  DD^  -  DS5 

La  fraction  d'ejection  exprime  le  pourcentage  du  volume  tyiydiastolique 
mobilise  lors  de  la  systole  : 

A  V  DD5  -  DS5 

V  D  DD5 

Elle  voisine  75  %. 


2  -  Variations  systolo-dlastollques  du  diametre  transversal. 

La  formule  appliqu^e  au  calcul  du  volume  ventriculaire  est  discutabie  et 
approximative,  et  de  plus  elle  suppose  que  la  contraction  cardiaque  soit  homogene 
pendant  la  totality  du  cycle  cardiaque. 

Le  calcul  de  la  fraction  d'ejection  ne  peut  done  etre  consider^  oomrae une 
mesure  mais  comme  une  simple  estimation. 

Dans  ces  conditions,  on  peut  se  contenter  d'une  estimation  grossiere,  plus 
simple  et  ne  faisant  pas  intervenir  d'hypothese  sur  la  forme  g^ometrique  du  ventricule. 

On  apprecie  le  pourcentage  de  variation  dm  diamktre  transversal  par  rapport 
au  diamktre  diastolique. 


AD  D  D  -  D  S 

D  D  D  D 

Ce  rapport  a  yty  estimy  comme  voisin  de  38  %. 


3  -  Vitesse  moyenne  de  raccourcl ssement  du  diametre. 


Elle  est  ygale  a  la  variation  du  diametre  transversal  AD  =  DD  -  DS 
divisee  par  le  temps  correspondent  (t).  Tous  ces  Elements  sont  directement  mesurables 
sur  les  traces.  Cette  Vitesse  est  proportionnelle, k  un  facteur  Pi  prks,  a  la  vitesse 
de  raccourcissement  des  fibres  circonfkrentielles  du  myocarde  (VCF)  d^termin^e  par 
anglocardlographle  et  considdr^e  par  KARLINER  comme  un  bon  indlce  de  contractility. 

Normalisye  et  exprim4e  en  diametre  tdlddla stollque  par  seconde  pour  tenir 
compte  des  dimensions  du  ventricule,  elle  fourni t  les  memes  valeurs  que  la  VCF,  exprl - 
m^e  en  cl rconfy rences  par  seconde.  Sa  valeur  moyenne  a  yte  estim^e  k  1,3  DD  (PERNOD, 
DRONIOU  et  Coll.)  et  dlffere  sig.ni ficativement  des  valeurs  calcuiyes  chez  les  sujets 
porteurs  de  cardiopathies. 


/ 
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4  -  La  vltesse  maxima  de  raccourcl ssement  du  dlam&tre. 


C'est  un  indice  de  contractility  encore  plus  sensible,  mais  dont  la  deter¬ 
mination  faite  raanuellement  est  encore  plus  longue  que  la  pr^c^dente. 


L ' appr^cia tion  de  la  fonction  ventrlculaire  gauche  chez  le  Personnel  Navigant  est 

utile  dans  plusieurs  circonstances 

mais  surtout  dans  deux  cas  observes  assez  fr^quemment  et  posant  de  dlfficiles  problkmes 
d'aptitude. 

-  Chez  les  sujets  porteurs  d'extra-systoles  ventrlculaires  importantes  ou  l'on  suspecte 
une  cardiomyopathie  primitive  debutante.  L1 ychocardiographie  peut  d'ailleurs  apporter 
en  outre  des  £ .laments  morphologiques  ou  clndtiques  en  faveur  d'une  cardiomyopathie 
primitive  (hypertrophie  septa  le  asymytri  que  non  obstructive,  zone  dyskinytique  ou 
akinytique,  etc...). 

-  Le  problkme  est  un  peu  le  m8me  chez  les  sujets  porteurs  d ' un  trouble  primalre  de  la 
repolarisation  dont  toutes  les  explorations  non  sanglantes  sont  restyes  normales. 

Dans  les  deux  cas,  une  yvaluation  ychographique  pyjorative  de  la  fonction 
ventrlculaire  (les  dycouvertes  de  zones  dyskiny tlques ) ,  retrouvye  de  fagon  constante, 
peut  etre  un  yiyment  intyressant  et  important  k  prendre  en  compte  dans  la  dyclsion 
d'aptitude. 

-  L'lntyrSt  fonctlonnel  de  1 ' ychocardiographie  peut  Stre  intyressant  ygalement 
lorsqu'il  s'agit  de  soumettre  des  Navigants  k  des  contraintes  cardiaques  trks 
yprouvantes.  Ce  sera  peut-Stre  le  cas  des  pllotes  des  futurs  avions  de  combat  k 
haute  performance. 

Un  bon  exemple  en  a  yty  donny  par  les  Cosmonautes  et  le  test  de  pression 
nygative  des  membres  lnfyrieurs  (L.B.N.P.  =  Lower  Body  Negative  Pression). 

Chez  les  Cosmonautes  du  programme  SKYLAB  IV,  une  ychocardiographie  mode  T.M. 
fut  enreglstrye  avant  le  vol,  Juste  aprks  le  retour,  et  plusieurs  fois  dans  les  mols 
qui  suivlrent  ( J1-J2-J4-J11-JJ1-J68 ) . 

De  meme,  les  donnees  ychocardiographiques  furent  recueillies  au  cours  du 
L.B.N.P.  k  la  fin  de  chaque  ytape  de  pression  (  -  8  mm  Hg  ;  -  16  mm  Hg  ;  -  50  mm  Hg  ; 

-  40  mm  Hg  ;  -  50  mm  Hg). 

Aprks  le  vol,  on  constate , chez  deux  des  trois  cosmonautes, une  ryductlon  signi¬ 
ficative  du  volume  d'yjection  systolique  (par  rapport  au  volume  avant  le  vol)  et  aussi 
du  volume  ventrlculaire  gauche. 

II  est  intyressant  de  noter  que  ces  deux  courbes  varient  de  fagon  parallfele, 
ce  qui  laisse  penser  que  la  chute  du  volume  systolique  est  surtout  liye  k  la  diminution 
du  volume  ventrlculaire. 

Au  cours  du  test  L.B.N.P.,  on  volt  le  volume  systolique  diminuer  avec  la 
dypresslon.  Mais  on  volt  aussi  la  counbe  du  volume  ventrlculaire  gauche  diminuer  de 
fagon  parallels. 

Ces  courbes  ont  un  grand  intyr§t  my thodologique .  Elies  sont  l'occasion  de 
rappeler  que  la  plupart  des  paramktres  qui  ytudient  la  fonction  cardiaque  dypendent  du 
volume  ty ledlastolique. 

A  cet  ygard,  l'ychocardiographie  constitue  une  mythode  de  cholx,  et  fournit 
des  rysultats  plus  faciles  a  interpreter  que  d'autres  mythodes  comme  la  mesure  radiolo- 
gique  du  volume  cardiaque  ou  les  intervalles  de  temps  systoliques. 


Nous  n'avons  pu  citer  et  dyvelopper  toutes  les  indications  de  l'ychocardio¬ 
graphie  k  la  Mydecine  Ayrospatia le .  Mais  ces  quelques  exemples  suffiront  probablement 
k  prouver  l'intyr§t  d'une  telle  mythode.  Totalement  indolore,  atraumatique ,  elle 
demande  cependant  du  temps,  et  parfois  k  Stre  rypytye.  Aussi  ne  saurait-elle 
s'appliquer  k  tous  les  personnels,  mais  seulement  k  ceux  prysentant  une  anomalle 
cardiaque  faisant  discuter  l'aptitude,  ou  k  ceux  qui  vont  Stre  exposes  k  des  stress 
partlculikrement  yprouvants  pour  le  coeur.  II  s'aglrait  alors  lk  d'une  vyri table 
selection  au  deuxikme  degry. 
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PRINCIPLES  ANOMALIES  ELECTEOCARDIOGRAPHIQ0ES 
DANS  L' EXPERTISE  DtJ  PERSONNEL  NAVIGANT 
PAR  LS  MEDECIN  EN  CHEF  CARRE  RAYMOND 

-  o  0  o  - 


CENTRE  PRINCIPAL  D» EXPERTISE  MEDICALS  DC 
PERSONNEL  NAVIGANT  DE  L' AERONAUTIQDE 
26  Bd  VICTOR  -  75996  PARIS  ARMEES 


Le  pilotage  d' avion  A  trAs  haute  performance  type  Mirage  2000  ou  4000,  exige  que 
le  peraonnel  navigant  eoit  choisi  de  faqon  A  oe  que  la  aAeuritA  en  vol  aoit  au  maximum. 

Au  coure  de  ces  vole  l'appareil  cardiovaaculaire  eat  l'appareil  le  plus  sollicitA  par  le 
stress  aerien. 

Les  rAglements  militaires  rAgissant  l'aptitude  mAdieale  du  personnel  navigant  re- 
quiArent  1’intAgritA  absolue  organique  et  fonctionnelle  de  l'appareil  circulatoire. 

L*Alectrocardiogramme  avec  lea  6  derivations  pAriphAriquea  et  prAcordialee  eet 
pratiquA  A  chaque  visite  d'admission  ou  rAvisionnelle  du  personnel  navigant. 

L' inaptitude  du  personnel  navigant  eat  facilement  prononcAe  quand  en  rencontre  : 

-  des  troubles  du  rythme  t  flutter,  fibrillation  auriculaire,  troubles  de  conduc¬ 
tion  Avidents. 

-  dee  bloca  de  branche  droit  complets  ou  blocs  de  branche  gauche  complete. 

-  des  sAquelles  d'infarctus  du  myocarde,  certaines  connuea  par  lea  intereasAs, 
mais  d'autres  mAconnues  par  les  pilotes.  Nous  avons  relevA  en  10  ana,  8  infarctus  du  myocar¬ 
de  mAconnus,  passAs  inaperqus  et  dAcouverts  de  faqon  ayatAmatique  A  la  visite  rAvisionnelle. 
Dana  certains  caa  diff icilea  on  peut  s'aider  du  vectocardiogramme. 

Mais  des  tracAs  AlectrocardiographiqueB  prAtent  A  discusaion  •,  nous  envisageons 
l'Atude  de  i 

1)  Certains  troubles  du  rythme. 

2)  Le  syndrome  de  Woff  Parkinson  White 

})  Les  bloca  de  branche  droit  incomplete 

4)  les  dAviations  axiales  gauchea  et  leur  rapports  avec  le  concept  d'hAmibloc 
antArieur  gauche 

5)  Lea  atypies  de  la  repolariaation  ventriculaire. 


I  LES  TROUBLES  DU  RYTHME. 


a)  lea  troubles  de  l'excltabllltA  sont  frAquemment  rencontrAs,  Les  extrasyatoles  auriculaires, 
nodales  et  ventriculaires  sont  de  constatation  JoumaliAre  ;  des  enregistrements  Alectrocardio¬ 
graphiqueB  de  24  heures  montrent  leur  frAquence.  II  eat  difficile  de  savoir  quel  est  le  nombre 
tolArable  dans  un  nycthAmAre.  Nous  aommes  Batiafaits  de  voir  que  beaucoup  de  troubles  du  rythme 
diaparaissent  A  certaines  Apreuvea  de  oontrainte  (Apreuve  d'effort).  Mais  A  1'opposA  nous  Amet- 
tons  un  avia  rAservA  au  pilotage  quand  nous  voyona  apparaitre  cea  extrasyatoles  aoit  au  cours 

ou  A  la  fin  d'une  Apreuve  d'effort,  aoit  aux  ApreuveB  de  contraintes  aAronautiques  (centrifugeu- 
se,  tests  d’orthoatatiame,  test  au  Lower  Body  Negative  Pressure). 

b)  les  troubles  de  conduction  aurlculo-ventriculaire.aont  Avidemment  Alioinatoires  au  poate  de 
personnel  navigant.  Mais  l'allongement  de  l'intervalle  PR  pose  dee  problAmea  ;  il  faut  d'abord 
dAfinir  la  normalitA  j  grAce  A  des  hiatogrammea  sur  200  sujets,  nous  ne  parlons  d'allongement 
d'intervalle  PR  qu’aprAa  24/100  de  seconde. 

Maia  par  ailleura,  il  n'est  paa  rare  d'obaerver  des  troubles  de  la  conduction  cardiaque,  aurtout 
de  la  conduction  auriculoventriculaire,  chez  dee  sujets  jeunes,  volontiers  sportifs.  On  invoque 
alora  la  posaibilitA  d'un  trouble  fonctionnel  d'origine  vagale.  Dne  telle  AventualitA  pose  de 
difficiles  problAmea  d'aptitude  chez  lea  membres  du  personnel  navigant.  Leguay,  dans  la  thAse 
de  DelcoU8tal  a  rapportA  9  obaervationa  1  ce  sont  des  pilotes  de  chaase  trAs  grands  aportifs. 
L'enregiatrement  endo-cavitaire  du  faiaceau  de  Hia  sous  stimulation,  stimulation  sous  atropine 
et  Apreuve  A  1*  ajmaline,  permettent  de  conclure  A  un  trouble  de  conduction  supra  hiaien,  avec 
dea  AlAmenta  en  feveur  d'une  participation  vagale  t  mais  il  est  quelquefois  trAs  difficile 
d'Aliminer  chez  le  Jeune  une  fragilitA  congAnitale  sous-Jacente,  susceptible  de  s'aggraver  et 
chez  le  aujet  mAr,  le  dAbut  d'une  atteinte  dAgAnArative  du  tissu  spAcifique  de  conduction. 
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II  est  toujoura  nlcesaaire  da  s 'assurer  qua  la  trouble  se  corrige  lore  dea  Ipreuves  de 
streaa,  an  particulier  alronautiques  (hypoxia,  depression,  acceleration)  avant  de  se 
prononcer  aur  l’aptitude.  Leguay,  en  faieant  das  enreglstrements  eiactrocardiographiques 
de  24  heures,  trjuve  frlquemment  la  nuit,  das  troubles  de  conduction  d'origine  vagale. 
Mais  la  signification  mime  da  la  vagotonie  n'est  pas  toujoura  invoqule  ;  alia  peut  ap- 
paraitre  comme  un  mlcanieme  d'adaptation  aux  stress  rlpetes  comae  chez  le  sportif,  ou 
comma  un  dlrlglement  de  cea  mimes  mecanismes  d'adaptation  neuro-vegltative.  Dans  ces 
derniers  cas  responsable  de  malaises,  voire  de  partes  de  connaisaance,  la  vagotonie 
apparait  nocive  et  peut  entrainer  l'inaptitude  professlonnelle. 


II  LE  S  YU  DROME  DE  WOLFF  PARKINSON  WHITE. 


Nous  trouvons  le  mime  pourcentage  de  cette  anomalie  llectrique  en  France,  1,5  */•  , 
que  les  auteurs  angloBaxons,  Searset  Manning  trouvent  aur  15-000  membres  d* equipage  dans 
l'aviation  canadienne,  46  sujets  porteurs  d'un  Wolff  Parkinson  White  (soit  5*/,,).  Lee 
statistiques  de  l'aviation  amlricaine  sont  plus  importantes,  167  WPW  sur  156  sujets  pour 
His  et  Lamb  dans  l'D.S  Air  Force  (soit  1,5  */•)>  27  WPW  sur  28295  sujets  (soit  0,99  */.) 
dans  l'aviation  navale  U.S. 

Nous  eiiminons  les  candidats  porteurs  d'un  Wolff  Parkinson  White,  non  seulement 
en  raison  du  risque  non  nlgligeable  de  crises  de  tachycardia  paroxyetique,  mais  en  raison 
de  la  coexistence  possible,  d'affections  familialea  da  diagnostic  difficile,  comme  la  car- 
diomegalie  famlliale  et  surtout  de  la  cardiomyopathie  obstructive. 

Le  syndrome  de  Wolff  Parkinson  White  ne  prlte  pas  A  discussion  quand  il  existe 
les  trois  carac tires  t 

a)  raccourcissement  de  l'intervalle  PR  inflrieur  k  ll/lOO  de  seconde. 

b)  eiargissement  apparent  du  complexe  QRS  supdrieur  k  12/100  de  seconde. 

c)  empatement  du  debut  de  QRS  ddsignd  sous  le  nom  d'onde  delta. 

Braunvald  admet  que  le  syndrome  de  prdexitation  existe  quand  11  y  a  presence  de 
deux  ou  un  seul  dee  trois  cri tires  classiques.  Doit-on  dliminer  les  candidatB  porteurs  d'un 
FR  court  infdrieur  A  ll/lOO  de  seconde  en  le  faisant  entrer  dans  le  syndrome  de  WPW  ?. 

Nous  dlimizBrkiB  2*/,  des  candidats,  cette  question  du  PR  court  est  contreverser; 
en  France  nous  les  ddclarons  aptes  au  personnel  navigant  et  nous  n’avons  eu  depuis  15  ans 
aucune  criae  de  tachycardie  paroxyetique. 


Ill  LES  BLOCS  DE  BRANCHS  DROITS  INCOHPLETS. 


Les  aspects  de  bloc  droit  incomplete  frlquemment  rencontres  nous  paraissent  com¬ 
patibles  avec  l'aviation  si  la  durle  totals  de  QRS  ne  dlpasse  pas  12/100  de  seconde,  si 
l'aapect  de  bloc  en  VI  du  type  rSr'  reate  lmmuable  ou  dlBparalt  lore  de  l'lpreuve  de  Flack 
ou  d'endurance,  test  A  40  mm  de  mercure. 

En  effet,  une  etude  atatistique  faite  au  Centre  Principale  d'Expertise  Mldicale 
du  Personnel  Navigant  de  Paris  a  montrl  que  ces  aspects  de  bloc  droit  incomplet  Itaient 
retrouvls  chez  12  */•  des  candidate  k  l'admission,  que  cette  frequence  Itait  d'autant  plus 
grande  que  le  groups  des  sujets  examines  Itait  jeune.  Aussi,  peut-on  considlrer  que  trie 
souvent  ces  aspects  de  bloc  droit  incomplet,  susceptibles  de  disparaltre  sous  l'influence 
de  la  rotation  de  Flack, ne  sont  qu'un  aspect  purement  phyaiologique  de  l'llectrocardiogram- 
me  Juvenile.  II  serait  done  abusif  d'lliminer  automatiquement  les  sujets  porteurs  de  ces 
aspects,  d'autant  que  les  enregistremente  simultanls  multiples  en  plusieura  derivations 
tendent  k  grouper  sous  le  nom  de  bloc  de  branche  droit  incomplet  des  images  morphologiques 
semblables,  mais  dans  certaines  d'entre  elles  le  sommet  r'  ne  correspond  manifeetement  pas 
I  la  contraction  du  coeur  droit  retardle. 


IV  LA  DEVIATION  GAUCHE  DE  L'AXB  PS  QRS. 


La  determination  de  l'axe  moyen  du  complexe  QRS  dans  le  plan  frontal,  est  1 'un 
des  elements  fondamentaux  de  l'analpse  d'un  llectrocardlogramme. 


Cet  axe  est  oonsiddrd  comme  normal  chez  les  individua  adultes,  lorqu'll  eat  situd 
antra  -  30*  at  +  110  *.  On  aduat  qua  an  Ahora  la  toute  cause  pathologique ,  l'axe  dlectrique 
du  coeur  varle  antra  caa  Unites,  aelon  aa  position  anatomique  dans  le  thorax.  Una  franche 
deviation  &  gauche  da  l'axe  ie  QSS  au  deli  da  -  30*  ■  a  souvent  une  signification  pathologi¬ 
que  s  alia  a'obaerve  dans  certainea  cardiopathies  congdnl taiea ,  at  fait  panaer  aurtout  4 
une  hypertrophie  ventriculaire  gauche.  Bepuis  lea  travaux  da  Grant  an  1956.  at  aurtout  de 
Rosenbaum,  an  1968,  un  nouveau  concept  phyeiopathologique  eat  apparu,  celui  das  hdmiblocs 
de  la  branche  gauche  de  division  du  faisceau  de  Hie  qui  a’est  rapidement  impoed  comma  dtant 
4  l'origine,  d ' importantes  deviations  axiales  ie  QRS. 

Nous  avons  ddj4  rapporxd  60  observations,  ayant  an  commun  une  deviation  k  gauche 
da  l'axe  de  QRS,  la  aajoritd  dtsient  dea  longilignea  marques.  Toutes  caa  anomalies  aont  de 
decouvarta  systdmatique,  aucun  he  caa  sujeta  n'accuaant  de  aigne  fonctionnel.  Grice  4  notre 
fichier  nous  avons  pu  ratrouver  dans  una  majoritd  das  caa,  das  documents  anteriaura  qui  per- 
mettent  d'affirmer  qua  l'aapect  dit  anormal  de  1 'eiactrocardiogramma,  existalt  avant  l'&ge 
da  25  ana  at  qua  cet  aspect  dit  anormal  est  reste  stable  pendant  de  nombreusea  .inodes  (  8 
caa  ave  un  recul  de  plus  de  1 5  ana). 

Avec  Lancaster  nous  considdrons  que  cet  aspect  se  situe  4  1 'extreme  gauche  de 
1' eiactrocardiogramma  normal  et  que  4  l'extrime,  l'activation  de  tout  le  ventrieule  gauche 
peut  ddpendre  exclusivement  lea  filets  postdrieurs  comme  dans  l'hdmibloc  gauche  antdrieur, 
tout  se  passe  alors  comme  ai  le  faisceau  antdrieur  gauche  dtait  peu  ou  pas  du  tout  fonction¬ 
nel.  II  s'agit  14  de  varidtds  non  pathologiques  du  mode  d'aetivaiion  ventriculaire  et  nous 
proposons  l'aptitude  aux  fonctions  du  personnel  navigant.  Rabkin  de  l'armde  de  l'air  cana- 
dienne  an  1979  est  arrivd  4  la  mgme  conclusion  que  nous; 

Lorsque  nous  sommes  en  prdsence  d'un  bloc  de  branche  droit  complet  dt  d'une  ddvia— 
tier  axiale  gauche,  nous  pensons  que  > 

a)  l'inaptitude  4  1 ' admission  dans  le  personnel  navigant  est  une  proposition  qui 
s' impose  4  l'dvidence  . 

b)  lore  d'une  expertise  pdriodique  rdvislonnelle,  la  ddcouverte  de  tellee  anomalies 
doit  faire  envi eager  deux  dventualitds  i 

-  la  premiire  concerne  les  aujets  dont  on  sait  que  le  tracd  dlectrocardiographique 
antdrieur,  comportait  une  ddviation  axiale  gauche  ;  ces  css  4  notre  avis  doivent  8tre  envisa- 
gds  comme  des  blocs  Isolds  de  la  branche  droite,  on  en  sait  le  pronoetie  classiquement  favo¬ 
rable. 


-  la  deuxiime  dventualitd  concerne  les  personnels  dont  le  tracd  ECG  dtait  stricte- 
ment  normal  selon  les. cri tires  clasaiques,  chez  leBquels  apparait  1 'association  bloc  de  bran¬ 
che  droit  complet  et  hdmibloc  gauche  antdrieur  simultandment.  On  doit  considdrer  ces  cas  comme 
des  blocs  bifasciculaires  et  rdserver  le  pronoetie,  4  notre  avis  l’inaptitude  aux  emploie  du 
personnel  navigant  dolt  Stre  propoade. 


V  LES  TROUBLES  BE  LA  R EPOLAB I SAT 1 ON . 


Les  troubles  de  la  repolarisation  asymptomatiques  ddcouverte  4  la  vieite  du  person¬ 
nel  navigant  sont  frdquents.  Vous  comprenez  notre  anxidtd  devant  la  ddcouverte  d'une  atypie 
de  la  repolariaation.  S'agit-il  d'une  asthdnie  neurocirculatoire  ?  ou  d'une  insuf fisance  coro- 
narienne  aaymptomatique  ?  ou  de  douleurs  angineuses,  cachdes  Bciemment  par  le  pilots  ?. 

II  suffit  de  rappeler  le  ddc4s  par  infarctus  du  myocarde  survenu  il  y  a  quelques 
semaines  du  commandant  de  bord  d'un  Boeing  747  de  la  Braniff.  Heureusement  11  ne  s'est  rien 
passd,  les  280  passagers  du  vol  Honolulu-Ballas  ne  s'dtaient  aperpus  de  rien,  le  copilots 
James  Cunningham  avait  posd  asms  encombre  son  boe'ng  4  Balias.  Cette  observation  illustre 
l'importance  pour  l'expert  de  mddecine  adronautique  d'af.irmer  s'il  exists  ou  non  une  insuf- 
fisance  coronarienne.  Les  ancienneB  dpreuves  fonctionnelles  ou  pharmacodynamiques  (dpreuves 
d'hypoxle,  montde  au  caisson  4  ddpresslon  4  5  000  mitres  sans  oxygine,  dpreuve  au  gynergine, 
dpreuve  au  chlorure  de  potassium)  sont  abandonndes  au  profit  des  dpreuves  a'effort. 

1 )  les  dlffdrentes  mdthodes. 

Les  dpreuves  au  nombre  de  troie,  contlnuent  d'Stre  pratiqudes  t 

.  Le  test  de  Master,  II  consists  4  fairs  gravir  4  une  cadence  donnde  un  escabeau 
de  deux  marches  pendant  1,30  mn  (test  simple)  ou  3  mn  (test  double). 

Malgrd  aa  aimplicitd,  cette  dpreuve  4  l'inconvdnient  de  provoquer  un  effort  brutal 
et  de  courts  durde,  d'Stre  peu  compatible  avec  un  enregietrement  de  qualitd  au  cours  de  1 'effort 
et  d'ttre  critiquable  malgri  un  essai  de  standardisation  fondd  sur  le  poids,  la  taille  et  le 
sexe,  les  aujets  minces  ayant  une  consommation  d'oxygine  /  kg  supdrieure  4  cells  des  sujets 
obises. 


.  Le  tapis  roulant.  Utilisd  aurtout  aux  U.S.*.  L'effort  physiologique  da  marche  qu'll  rdclame, 
dvite,  aouvent  1' apparition  trop  prdcoce  d'una  fatigue  muaculalre.  In  revanche  ,  il  act  cofl- 
teux,  bruyant  at  prooura  dea  enregistrements  de  qualitds  indgales. 

•  Lea  cycloergomAtrea.  Le  sujet  doit  vaincre  una  resistance  au  pedal age,  obtanua  par  un  frai- 
nage  mdcanique  ou  dlectromagndtique. 

Lora  d'un  freinage  mdcanique,  la  travail  eat  fonctlon  de  la  viteaaa  da  pddalage.  La  vitaaaa 
doit  done  itre  maintenue  oonatante.  Peu  ondreux,  cee  cycloergomAtrea  aont  auffiaanta  pour  laa 
dpreuvea  de  diagnostic  ou  de  rdadaptation  mais  deviennent  imprdcia  loraqu'il  a'agit  de  coapa- 
rer  des  tracds  aucceaaifs  obtenus  chez  un  mSme  eujet. 

Le  freinage  dlectromagndtique,  en  revanche,  n'exige  pae  une  viteaae  de  rotation  constants, 
l'intensitd  du  freinage  dtant  inversement  proportionnelle  A  la  frdquenca  du  pddalage.  Cette 
adthode  staple,  reproductible,  adaptde  aux  capacitda  du  aujet,  permet  un  bon  recueil  dea  para- 
adtres  avant,  pendant  et  aprAs  l'effort. 

Bn  ddfinitive,  l'dvolution  des  iddes  et  des  techniques  a'est  falte  t 

.  vers  une  codification  plus  prdcise  des  dpreuvea,  visant  &  les  rendre  fiables,  reproductiblea 
et  non  dangereusea  t 

.  vers  l'dlargisseaent  des  indications,  notaaaent  du  ddpistage  de  l'insuffiaance  coronaire 
latente  ;  ddpistage  qui  sera  peut-Stre  facilitd  dans  l'avenir  par  l'analyse  autoaatique  des 
tracds  ; 

.  vers  la  recherche  d'autres  dpreuvea  dynaaiques  visant  soit  k  dlim.ner  un  diagnostic  d'insuf- 
fisance  coronarienhe  (test  d' hyperventilation,  dpreuve  pharoacodynamique) ,  soit  &  l'affirmer 
(test  d'hypoxie,  au  glucose,  A  1' isoprotdrdnol,  enfin,  test  de  tachycardie  provoqude  par  sti¬ 
mulation  de  l'oreillette  droite,  encore  appeld  "pacing").  Parml  toutes  cea  dpreuves,  seule 
la  derniAre  prdsente  un  intdrSt  certain  et  se  place  directement  aprAs  l'dpreuve  d'effort. 

2)  le  ddroulement  de  l'dpreuve. 

1.  Une  dppeuve  d'effort  eat  toujours  prdcddde  d'un  examen  complet. 

Celui-ci  vise  t 

.  A  rechercher  une  contre  indication  abaolue  ou  temporaire. 

.  A  rechercher  une  prise  mddicamenteuse  susceptible  de  modifier  l’E.C.C  (digitaline,  bAta- 
bloquanta ,  quinidine  ...)  L'dpreuve  dolt,  en  outre,  se  sltuer  deux  heures  aprAs  la  prise  d'un 
repas  et  24  heures  aprAs  un  travail  Important. 

.  Cet  examen  permet  en  outre  de  preciser  les  caractAres  de  la  douleur  accusde  par  le  sujet 
et  d' Informer  ce  dernier  sur  les  buts  poursuivis,  afin  de  prdvenir  un  arrdt  trop  prdcoce  de 
l'dpreuve. 

.  Un  enregistrement  B.C.G  complet  termine  cet  examen. 

2.  Installation. 

Le  recueil  de  trois  paramAtres  est  indispensable  »  frdquence  cardiaque  (mesurde  sur  les  tracds 
E.C.C),  tension  artdrielle  (ltin  et  1'autre  dldaents  dtant  recuoillis  toutes  les  deux  minutes), 
B.C.G  (qui  sera  aurveilld  en  permanence,  afin  de  ddpister  les  troubles  du  rythme  ou  les  anoma¬ 
lies  ischdmiques  prononedes). 

Ce  recueil  sera  poursuivi  pendant  la  pdriode  de  rdcup^-ation  Jusqu'A  normalisation  (en  moyenne 
15  k  30  mn).  En  effet,  certaines  modifications  peuvent  n'apparaltre  qu'aprAs  l'effort. 

.  Le  choix  des  ddrlvations. 

On  peut  utiliser  les  12  ddrivations  classiques,  A  la  condition  de  fixer  les  dlectrodes  des 
membres  au  niveau  des  acromions  et  des  crStes  iliaques,  afin  d'dliminer  un  parasitage  d'origine 
musculaire. 

On  peut  aussi  tenter  de  simplifier  le  protocole  en  limitant  le  nombre  dea  ddrivations.  C'est 
ainsi  que  Blackburn  a  montrd  d'une  part  que  le  nombre  de  rdsultats  positifs  s'accrott  avec  le 
nombre  des  ddrivations,  et  a  prdconisd  d'autre  part  comma  la  plus  sensible  (85  p  200  de  rdsul¬ 
tats  positifs)  la  ddrivation  CM5  ("chest-manubrium").  Mais  cette  ddrivation  est  susceptible 
de  donner  des  faux  positifs. 

II  semble  bien  qu'un  optimum  puisse  8tre  obtenu  par  1 'enregistrement  de  D1  -  VF  et  une  pr t- 
cordiale  gauche  (V5  ou  V6). 

.  La  fixation  des  dlectrodes. 

Elle  ndeessite  une  bonne  prdparatlon  de  la  peau  qui  sera  soigneusement  ddcapde  k  l'aide  d'une 
compresse  (pouvoir  abrasif)  imbibde  d'dther  Jusqu'A  rubdfaction.  On  enduit  ensuite  chaque  zone 
de  p&te  conduc trice  et  l'on  enldve  le  surplus  A  l'dther  lorsque  la  p&te  a  dtd  suffisamment 
absorbde.  En  effet,  la  peau  doit  Stre  parfaltement  sAche  pour  une  bonne  fixation  des  dlectrodes 
autocollantes,  qui  remplacent  avantageusement  la  fixation  par  sangle.  On  enduit  d'un  minimum  de 
p&te  l'dlectrode  avant  fixation. 
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3.  Intensity  et  modality  de  l'effort, 

Au  coura  d'un  effort  d'intensitA  croissante,  la  consommatinn  d'oxygAne  et  la  frequence 
cardiaque  s'accroissent  Jusqu'A  un  palier  qul  dAfinit  la  V02  maximum  d'une  part  et  la 
frequence  maximum  d1 autre  part.  Au-delA  de  cette  charge,  l'effort  ne  peut  8tre  malntenu 
plus  d'une  A  deux  minutes  sans  qu'apparaiasent  des  manifestations  d' intolerance. 

Or.comme  l'a  montrA  Astrand,  la  frequence  maximum  est  fonction  de  l'&ge  et  elle  peut  Stre 
calculAe  par  la  formula  220  Age  avec  une  dispersion  de  15  p.100. 

L'Apreuve  est  dite  maximale  lorsque  le  sujet  attaint  au  moins  95  p.100  de  la  valeur 
thAorique  maximale.  Elle  est  dite  sous-maximale  lorsque  la  valeur  atteinte  Agale  TO  A 
63  p.100  de  la  frequence  maximale  theorique  (  A  titre  d'exemple  i  150/mn  pour  un  homme  de 
50  ans). 

Male  eignalons  dAa  A  present  que  le  nombre  d'epreuvee  fauseement  negatives  s'accroit 
lorsqu'on  s'eioigne  des  valeurs  maximales. 

L'effort  pact  Stre  soit  de  type  rectangulaire  (une  charge  constants  eat  appliques  pendant 
un  temps  donnA.  Elle  entraine  qouvent  une  fatique  prAcoce)  )  soit  par  palters  successifs 
(on  peut  proposer  une  augmentation  de  30  watts  toutes  les  minutes). 

La  charge  de  depart  est  modulAe  en  fonction  de  l'aptitude  du  sujet  A  l'effort  «  60  W  en 
gSneral,  30  W  en  cas  d'aptitude  limitAe,  100  W  ou  plus  chez  les  sujets  robustes  ou  sportifs. 

4.  ArrSt  de  l'Spreuve. 

Lore  d'une  Apreuve  A  visAe  diagnostique  on  peut  l'interrompre  i 

.  Le  principe,  lorsqu'apparaissent  des  signes  suffisants  pour  affirmer  le  diagnostic,  et 
ceci  si  lbn  ne  dAsire  pas  aasocier  A  l'Spreuve  diagnostique  une  evaluation  de  la  capacite 
d'effort. 

.  Lorsque  la  frequence  cardiaque  maximale  ou  sous-daaximale  est  atteinte. 

Mais  soulignons  qu'il  est  trAs  discutable  d'interrompre  de  faqon  systAmatique  l'examen 
en  l'absence  de  signe  pathologique.  En  effet,  si  l'on  peut  admettre  qu'un  Bujet  n'est  pas 
coronarien  lorsqu'il  a  pu  soutenir  sans  trouble  sa  frequence  maximale  pendant  quelques  mi¬ 
nutes,  eniBvanche,  le  nombre  de  faux  negatifs  s'accroit  d'autant  plus  que  la  frequence 
cardiaque  atteinte  est  plus  faible. 

Si  elle  est  blen  tolSrSe  il  est  done  souhai table  de  rAaliBer  des  Apreuves  maximales,  ce 
qui  rAduit  les  faux  nAgatifs  (  la  sensibilitA  de  l'epreuve  augments)  et  assure  des  critferes 
E.C.G  moins  discutables  (la  spAcificitA  de  l'epreuve  s'accroit). 

Mais  e'est  rappeler  1' importance  de  la  surveillance  permanente  de  ce  type  d' Apreuve  par 
une  equipe  compAtente. 

.  Levant  les  troubles  cliniques  ou  E.C.G. 

La  douleur.  Si  elle  est  de  type  angineux  avec  ST  Bus-dAcalA,  elle  doit  faire  interrom- 
pre  l'epreuve  ;  elle  cAde  le  plus  souvent  spontanAment  ou  avec  une  dragAe  de  trini trine  > 
bien  que  son  obtention  ne  soit  pas  souhaitable,  elle  a  une  grande  valeur  diagnostiqq*  et 
determine  la  valeur  de  la  capacite  maximale  d'effort.  Si  elle  est  atypique,  sans  modification 
E.C.G  elle  peut  permettre  de  poursuivre  l'Apreuve  ;  mais  il  faut  savoir  quA  l'aspect  isohAmi- 
que  peut  n'apparaltre  que  secondairement.  En  pratique,  quel  que  soit  l'aspect  E.C.G,  le  sujet 
s'arrAte  spontanAment. 

La  tension  artArielle.  Touts  chute  de  pression  en  cours  d'effort,  mSme  modArAe  (alors 
que  normalement  elle  augmente),  doit  faire  interrompre  l'Apreuve  \  elle  est  A  diffArencier 
de  cells  survenant  en  fin  d'effort  et  que  l'on  peut  prAvenir  par  un  arrAt  progreesif  de 
l'Apreuve.  A  l'inverse,  un  chiffre  de  250  mm  Hg  parait  Stre  la  limite  supArieure  A  ne  pas 
dApasser. 

Un  galop  gauche.  Il  sera  systAmatiquement  recherche  dAs  que  le  segment  ST  se  sous-dAcale 

Un  certain  nombre  de  troubles,  qui  conduisent  A  1'arrAt  de  l'Apreuve  i 
fatigue  musculaire  parfois  prAmaturAe,  dyspnAe,  lipothymie,  p&leur,  sueurs  froides,  confusion 
pouvant  parfois  apparaltre  pour  des  niveaux  trAs  bas. 

La  constatation  de  troubles  du  rythme  ou  de  la  conduction,  qui  impose  Agalement  l'arrftt. 
Les  extrasystoles  Isoldes  banales  au  cours  de  l'Apreuve  n'engagent  qu'A  redoubler  de  prudence 
Mais  si  leur  nombre  s'accroit  (plus  de  cinq  par  minute)  ou  si  elles  sont  poljmorphes ,  1'arrAt 
est  impAratif. 
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3  )  Incident*  et  accidents. 

La  nauvaiae  reputation  dont  Jouit  l’dpreuve  n'eet  pas  Justifies  dans  la  mesure 
oil  lea  contre-lndicatlona  et  lea  cri tires  d'arrSt  sont  respeotde,  dims  la  mesure  ausei  oil 
l'on  a  recoura  4  dea  dpreuves  adaptdes,  progressives  et  surveill6es  par  une  equips  dispo- 
aant  d'un  materiel  de  rdanioation  et  d'un  ddflbrillateur.  En  particulier,  lea  dpreuvea 
pratiqudcB  en  unite  ou  en  cabinet  doivent  Stre  formellement  proacritee. 

La  frdquence  dee  incidents,  eeeentiellement  douleure  prolongdes  et  troubles 
du  rythme  rdgressifs,  reate  dans  la  plupart  dea  etudes  publieds  inferieure  &  5  p.100. 

Lee  accidents  graves  sont  rares  s  infarctua  du  myoearde,  tachycardie  ou  fibril¬ 
lation  ventriculaire,  mort  eubite. 


1 

t  Deeds 

l 

Nombres  d'epreuves 

t 

1  BLACKBURN 

«  16 

t 

170.000 

: BRUCE 

1  4 

t 

107.000 

i ROUSSEAU 

«  4 

t 

114.550 

iJOUVE 

i  2 

t 

19.000 

jBROUSTET 

l 

i  0 

1 

s 

6.000 

M8me  faible,  la  poaaibilite  d'accidents  engage  la  responBabilite  du  mddecin, 
d'autant  que  la  pratique,  courante  au  Etats-Unis,  conaistant  k  fairs  signer  par  le  pa¬ 
tient  une  decharge, n'a  en  France  aucune  valeur  ldgale.  II  revient  done  dventuellement 
aux  tribunaux  d'apprecier  la  ndeessite  de  cette  dppeuve  pour  l'etablissement  d ' une 
thdrapeutique. 


4)  Lea  modifications  de  l'E.C,G  k  l'effort. 

La  tachycardia,  1 'augmentation  de  l'onde  P,  1 ' inclinaieon  du  segment  PQ,  les 
variations  d'amplitude  de  QRS,  les  modifications  de  ST,  enfin  la  superposition  partielle 
de  l'onde  T  et  P,  les  modifications  habltuelles  au  courB  de  l'effort,  rendent  difficile  la 
lecture  de  l'E.C.C  et  1 ' appreciation  de  la  ligne  isoeiectrique,  pourtant  indispensable  4  la 
mesure  du  point  J.  Sur  ce  tracd  suffisamment  stable,  on  trace  une  droite  Joigant  le  debut 
de  deux  complexes  QRS  consecutifs.  Certains  auteurs  prdfdrent  utiliser  la  droite  descendante 
prolongeant  le  segment  PQ. 

Parmi  les  nombreuses  alterations  eiectriques  lides  k  l’effort,  deux  mdritent 
attention  i  les  modifications  du  segment  ST  et  celles  de  l'onde  T, 

1)  Modifications  de  ST.  On  oppose  Bchematiquement  i 

.  La  depression  ST  dite  fonctionnelle  ou  physiologique,  oil  le  point  J  sous-decaie  eat  suivi 

d'un  segment  ST  rapidement  ascendant.  Le  rapport  0  X  rests  lnferieur  k  0,5. 

Q  T 

.  La  depression  ST  dite  "ischdaique''  oil,  au  sous-decalage  de  J  succdde  un  segment  ST  descendant 
ou  horizontal.  QX/QT  est  superieur  k  0,5.  Bien  souvent  on  retrouve  dee  deformations  descendant 
de  ST,  sane  abaisaement  de  J. 

.  Sous  ddcalage  faiblement  ascendant  de  JST,  avec  cassure  de  raccordement  de  l'onde  T.  C'*st 
1 'aspect  "Nearischemic"  ddcrit  par  Master. 

La  pente  de  ST  peut  Stre  dvalude  en  mV/sec. 

On  peut  enfin  observer  un  sus-ddcalage  de  JST. 

2)  Modification  de  T.  Elies  peuvent  8tre  de  quatre  types  i  augmentation  d'amplitude,  aplatis- 

sement,  inversion,  positivation  d'une  onde  negative  au  repos. 

5)  Valeur  dlagnostloue  et  oronostioue. 

Parmi  les  diffdrentes  modifications  E.C.G)  il  est  unanlmement  admis  que  seules, 
les  modifications  de  JST  mdritent  d'ttre  retenues. 

En  ce  qui  concerns  les  autres  critdres  ,  seul  le  surddcalage  de  ST  aurait  une  bonne 
valeur,  hormis  le  cas  oil  son  amplitude  B'aooroit  du  triple  de  sa  valeur  initials. 


i 

id 


1)  L'OMS  propose  comae  oritAre  l'aepect  ischAmique  de  ST  avec  on  aous-dAcalage  de  J,  0,1  mV, 
male  cette  attitude  par  trop  rigide  doit  Atre  muaneAe. 
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.  IX  convient  d'abord  de  prAciser  quelle  eet  la  frequence  de  ce  critAre  lore  d'Apreuvee  chez 
dee  eujeta  "normaux"  t  2  &  10  p.100  sont  lea  chiffree  lea  plus  commandment  retrouvAs  dans 
la  littArature  t  chiffrea  d'autant  plus  AlevAs  que  l’on  recourt  A  dee  Apreuves  maximales  ou 
que  l'on  Atudie  dea  sujets  plus  AgAs.  Mala  il  semble ,  A  partir  dee  quelques  etudes  prospec- 
tives  publiAes,  qu'il  s'agisae  dans  bien  dea  cas  d ' insuff iaance  coronaire  encore  latentee. 

Ainsi  1' etude  de  Cloarec  portant  sur  une  population  dont  la  moyenne  d'Age  eat  de  45  ana,  re- 
trouve  9  p.100  d'anomalies  pathologiques.  Bans  lea  cinq  ana,  60  p.100  de  cea  sujets  ont  prd- 
sentA  une  manifestation  Clinique  d'ineuffiaance  coronaire.  Bans  cea  observations, 11  existait 
de  fagon  quasi  constante  une  association  de  facteurs  de  risque  Clinique  ou  biologique. 

.  II  faut  remarquer  que  1' importance  du  sous-dAcalage  de  JST,  done  sa  valeur  diagnoetique, 
varie  selon  le  type  de  l'Apreuve  (test  de  Master  ou  cycloergomAtre)  et  suivant  la  derivation 
utilisAe.  (CM5  amplifie  les  modifications,  qui  sont  plus  importantes  qu'en  derivations  stan¬ 
dard)  . 

2)  Les  correlations  observees  entre  les  apports  de  l'E.C.G  d'effort  et  la  eoronarographie 
seront  malntenant  precisAes. 

.  On  obtient  i  soit  dea  rAsultats  concordants  (l'epreuve  d'effort  est  positive  et  la  coro- 
narographie  montre  dee  lesions  atheromateuses)  f  soit  des  rAsultats  discordants  (l'Apreuve 
d'effort  est  negative  mais  il  exists  des  lesions  coronaires  ■  faux  negatifs  ;  l'epreuve  eet 
positive  mais  il  n'y  a  pas  de  lesion  des  vaisseaux  >  faux  positife  )  j  soit  enfln  des  Apreuves 
douteuses  ou  ininterpretables. 

Si  l'on  admet  le  critAre  classique  (j  ImV  St  ImV/S  avec  aspect  rigide)  la  concordance  oscille 
autour  de  SO  p.100. 


Auteurs 

1 

I 

Concordances 

Biscordances 

Douteux 

t 

: 

i 

FROMENT 

t 

: 

82 

|  9,25 

)  8,75 

i 

I 

SERHABIMIGNI 

s 

t 

74 

|  10,6 

j  15,4 

1 

t 

LESBRE 

i 

t 

62,3 

)  17,7 

1 

1 

: 

: 

.  Plus  qu'un  critAre  precis,  certes  nAcessaire  pour  la  confrontation  de  rAsultats,  il  faut 
reconnaitre  que  t 

-  d'une  part,  la  valeur  diagnoetique,  c'est-A-dire  la  specificite,  B'accrolt  d'autant  plus 
que  le  point  J  est  plus  sous-decaie  et  que  la  pente  de  ST  est  pluB  negative. 

-  d'autre  part,  plus  on  exige  des  critAres  sAvAres  de  positivite,  plus  la  sensibilite  de 
l'epreuve  baisse  (les  faux  nAgatifs  augmentent)  et  des  coronariens  indiscutables  n'ayant 
presente  que  des  troubles  E.C.G  discrete  Beront  mAconnus.  Il  existe  done  un  balancement 
entre  specificite  et  sensibilite  de  l'epreuve. 

.  Les  insuffisances  de  l'E.C.G  d'effort  ne  sont  pas  toujours  A  mettre  au  passif  de  la  methods. 
En  effet,  les  "faux  negatifs"  peuvent  Atre  dus  i 

-  A  un  arrAt  trop  prAcoce  de  l'Apreuve  par  le  malade  ou  par  le  mAdecin  ceci  explique  la  ten¬ 
dance  actuelle  A  prAfArer  les  Apreuves  maximales  qui  ont,  en  outre,  l'avantage  d'Avaluer  la 
capacitA  d'effort  | 

-  A  la  bonne  qualitA  d'un  rAseau  anastomotique,  assurant  une  compensation  efficace. 

Lea  "faux  positife"  peuvent  Atre  liAs  t 

-  A  une  difficultA  d' interpretation  des  modifications  de  JST  ; 

-  A  une  pathologie  artAriolo-capillaire  ou  du  mAtabolisme  cellulaire  (angor  A  coronaires 
normales),  la  eoronarographie  Atant  alors  insuff isante. 


.  Signalons  dgalement  qu'ilfexiste  aucune  correlation  entre  la  topographic  dee  ldsions 
et  le  eiftge  dee  alterations  dlectriques. 

.  La  coronarographie  permet  enfin  d'attribuer  k  l'E.C.G  d’effort  une  certains  valeur 
pronostique,  En  effet,  les  lesions  ont  d'autant  plus  de  chance  d'etre  moddrdes  que  la 
frequence  cardiaque  atteinte  a  dtd  plus  dlevde  et  que  le  degrd  du  sous-ddcalage  a  ete  plus 
moderd. 


DONC  t  1 'dlectrocardiogramme  d'effort  apporte  k  l'expert  de  mddecine  adronautique  dee 
informations  de  valeur  ■ 

-  d'ordre  fonctionnel 

-  surtout  d'ordre  diagnostique  t  on  connait  la  relative  faillite  de  l'dlectro- 
cardiogramme  enregistrd  au  repos  dans  le  diagnostic  de  l'insuffisance  coronarienne  ou  dans 
1* interpretation  des  troubles  non  spdcifiques  de  la  repolarisation. 

Mais  il  convient  d'en  connaitre  les  limites.  II  restera  toujours  une  dualite 
entre  la  specificite  de  l'dpreuve  et  sa  sensibilite  de  mime  qu'i  cotd  des  rdsultate 
patents,  on  retrouvera  toujours  un  lot  d'dpreuves  douteuses  ou  ininterprdtableB  et  un  lot 
d'dpreuves  faussement  positives  ou  faussement  negatives. 

Multiplier  ces  dpreuves  codifides  k  des  valeurs  maximales  sous  entend  leur  pra¬ 
tique  dans  des  centres  dquipds,  par  des  dquipes  compdtentes  et  entraindes,  respectueuses 
des  contre-indications  et  des  critirea  d'arrit. 

C'eSt  4  ce  prix  que  l'dpreuve  d'effort  perdra  sa  mauvaise  rdputation  dont  on 
peut  dire  qu'elle  n'est  plus  justifide. 
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TREADMILL  TESTING  FOR  THE  DETECTION  OF  ASYMPTOMATIC  CORONARY  DISEASE  IN  THE  HEALTHY  MALE 

James  R.  Hickman,  Jr.,  Col,  USAF,  MC,  SFS 
USAF  School  of  Aerospace  Medicine 
Brooks  AFB ,  Texas  78235 


INTRODUCTION 

Treadmill  testing  has  been  shown  to  have  a  high  degree  of  sensitivity  and  specificity 
in  a  population  studied  because  of  chest  pain,  previous  myocardial  infarction,  or  in  other 
patients  in  whom  the  diagnosis  of  coronary  artery  disease  was  either  evident  or  strongly 
suspected. (1, 2, 3)  This  paper  will  deal  with  treadmill  testing  in  totally  asymptomatic  men, 
a  group  in  whom  the  predictive  accuracy  of  the  treadmill  test  has  been  quite  disappointing. 
(4)  The  major  portion  of  this  discussion  will  center  around  the  problem  of  false  positive 
exercise  tests.  Currently,  there  is  an  increasing  tendency  to  place  less  reliance  upon  the 
treadmill  test  as  a  single,  stand-alone  test  for  the  detection  of  latent  coronary  artery 
disease.  Research  is  continuing  in  many  centers  in  an  attempt  to  define  parameters  other 
than  just  the  ST  segment  response  which  may  yield  helpful  information.  However,  the  maxi¬ 
mal  amount  of  highly  predictive  information  currently  available  in  the  treadmill  tests  of 
asymptomatic  men  is  limited,  and  markedly  diminishes  their  usefulness.  The  treadmill  test 
should  more  aptly  be  regarded  as  a  risk  factor  and  as  a  part  of  the  total  risk  factor 
mosaic  rather  than  as  a  definitive  test  for  coronary  artery  disease. 

THE  AEROMEDICAL  IMPORTANCE  OF  CORONARY  ARTERY  DISEASE 

A  discussion  of  treadmill  testing  in  asymptomatic  men  is  essentially  the  discussion 
of  coronary  artery  disease  detection  in  the  asymptomatic  aircrewmember .  Coronary  artery 
disease  (CAD)  represents  a  major  public  health  problem  for  most  developed  nations  of  the 
world.  From  an  aeromedical  standpoint,  it  continues  as  the  major  nontraumatic  cause  of 
death  in  u.S.  Air  Force  aviators.  Even  mild  degrees  of  coronary  artery  disease  can  lead 
to  sudden  incapacitation  during  positive  G  stress.  We  are  all  well  aware  that  annual 
aviation  physical  examinations  fail  to  detect  significant  CAD.  Further,  the  use  of  car¬ 
diovascular  screening  tests  in  asymptomatic  men  is  fraught  with  problems,  and  intensive 
study  is  required  in  this  area.  The  problem  of  the  early  detection  of  asymptomatic  CAD 
is  becoming  more  urgent,  now  that  aircrewmembers  are  being  subjected  to  increasing  work¬ 
loads  on  the  cardiovascular  system  with  the  new  generation  of  high-performance  aircraft. 

METHODS  AVAILABLE  FOR  THE  DETECTION  OF  ASYMPTOMATIC  CORONARY  ARTERY  DISEASE 

TABLE  1 

CORONARY  ARTERY  DISEASE  DETECTION  METHODS 
History 

Physical  examination 
Resting  electrocardiogram 
Holter  monitoring 
Exercise  electrocardiography 
Exercise  scintigraphy 
Echocardiography 
Risk  estimation 

The  methods  available  to  the  clinician  to  detect  asymptomatic  CAD  are  quite  numerous. 
(Table  1)  However,  only  treadmills  combined  with  myocardial  scintigraphy  and  risk  estima¬ 
tion  truly  hold  any  degree  of  promise  for  disease  detection  in  the  asymptomatic  male. 

Still,  the  routine  treadmill  test  is  not  only  useful  for  evaluation  of  the  ST  segment 
response  to  maximal  exercise,  but  remains  a  valuable  tool  for  the  detection  or  provocation 
of  significant  stress  arrhythmias,  determination  of  functional  capacity  in  mild  valvular 
heart  disease,  and  as  a  general  indicator  of  cardiovascular  fitness  and  oxygen  consumption, 
while  the  treadmill  exercise  test  has  obvious  limitations  in  the  detection  of  asymptomatic 
CAD,  an  abnormal  ST  segment  respc  >se  is  a  potent  epidemiological  risk  for  coronary  artery 
disease  events  in  the  asymptomatic  population.  Froelicher  studied  the  natural  histories 
of  1,640  asymptomatic  aircrewmembers  who  received  treadmill  tests  between  December  1965 
and  January  1969. (5)  Followup  was  obtained  in  85%  of  the  total  group  and  in  95%  of  the 
group  with  abnormal  treadmill  tests.  The  followup  period  ranged  from  4.1  to  8  years,  mean 
followup  of  6.6  years.  Using  epidemiological  endpoints  of  acute  myocardial  infarction, 
angina  pectoris,  bypass  surgery,  coronary  angiography  or  sudden  death,  marked  differences 
were  noted  between  those  with  normal  and  abnormal  ST  segment  response  to  maximal  exercise. 
Overall,  an  abnormal  stress  test  identified  a  population  with  a  14-fold  risk  for  subse¬ 
quent  coronary  events.  Thus,  it  can  be  seen  that  the  treadmill  test  can  properly  be 
regarded  as  a  potent  risk  factor,  which  cannot  be  ignored  in  the  practice  of  aerospace 
medi  -i  ne . 
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THE  PROBLEM  WITH  FALSE  POSITIVES 

A  basic  concept  in  epidemiology  is  that  of  Bayes’  theorem.  Roughly  paraphrased, 
this  theorem  states  that  the  usefulness  of  a  screening  test  is  very  heavily  dependent 
upon  the  prevalence  of  the  disease  being  tested  for  in  the  population.  In  other  words, 
in  a  population  with  a  low  prevalence  of  CAD,  almost  any  diagnostic  test  applied  to 
detect  coronary  disease  will  result  in  a  majority  of  the  positive  response  being  false 
positives.  A  few  common  biostatistical  terms  are  listed  in  Table  2. 

TABLE  2 


Sensitivity  =  Percentage  of  positive  results  in  patients  with  disease 

TP 

Se  =  - - -  X  100 

TP  +  FN 


Specificity 


Percentage  of  negative  results  among  those  without  disease 

TN 

Sp  =  -  X  100 

FP  +  TN 


Predictive  value  =  Percentage  of  positive  results  which  are  true  positives 

TP 

pv  =  - - x  ioo 

TP  +  FP 


Risk  ratio 


Percentage  of  subjects  with  an  abnormal  test  who  have  disease 


Percentage  of  subjects  with  a  normal  test  who  have  disease 


Abbreviations :  TP 

FN 
TN 
FP 


True  Positives 
False  Negatives 
True  Negatives 
False  Positives 


Sensitivity  is  the  percentage  of  positive  results  in  patients  with  the  disease. 
Specificity,  on  the  other  hand,  is  the  percentage  of  negative  results  among  those  who  do 
not  have  the  disease.  The  predictive  value,  one  of  the  most  commonly  used  epidemiological 
terms,  is  the  percentage  of  positive  results  which  are  true  positives.  The  risk  ratio 
(also  called  the  relative  risk)  is  the  risk  of  disease  with  an  abnormal  test  compared  to 
the  risk  of  disease  with  a  normal  test.  The  prevalence  of  a  disease  in  the  population  has 
a  strong  bearing  upon  predictive  value.  Table  3  lists  a  hypothetical  case  in  which  a 
population  with  a  50%  prevalence  of  disease  is  tested  with  a  screening  procedure  which  is 
60%  sensitive  and  90%  specific. 


TABLE  3 

PERFORMANCE  OF  A  TEST  WITH  60%  SENSITIVITY  AND  90%  SPECIFICITY  IN  A  POPULATION 

WITH  50%  PREVALENCE  OF  DISEASE 


Subjects 

#  Abnormal  Tests 

#  Normal 

Tests 

5000  diseased 

3000  (TP) 

2000 

(FN) 

5000  nondiseased 

500  (FP) 

4500 

(TN) 

Total 

3500 

6500 

TP  3000 

Predictive  value  of  an  abnormal  test  =  -  =  -  =  8  5.7% 

TP  +  FP  3500 

If  there  were  a  total  of  10,000  subjects  in  the  population,  then  5,000  would  be 
diseased  and  5,000  would  be  nondiseased.  If  the  test  is  60%  sensitive,  then  3,000  of  the 
5,000  subjects  with  disease  would  have  an  abnormal  test.  In  the  other  5,000  subjects  with¬ 
out  the  disease,  a  90%  specific  test  would  correctly  classify  4,500  true  negatives,  while 
500  of  the  nondiseased  subjects  would  be  false  positives.  Thus,  the  predictive  value, 
that  percentage  of  positive  results  which  are  true  positives,  would  be  85.7%  under  such 
circumstances . 
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The  prevalence  of  significant  CAD  in  our  asymptomatic  population  is  between  3%  and  5%. 
Table  4  outlines  the  performance  of  a  test  with  a  60%  sensitivity  and  90%  specificity 
in  a  population  with  a  5%  prevalence  of  disease. 

TABLE  4 

PERFORMANCE  OF  A  TEST  WITH  A  60%  SENSITIVITY  AND  90%  SPECIFICITY  IN  A  POPULATION  WITH  A 

5%  PREVALENCE  OF  DISEASE 


Subjects 

#  Abnormal  Tests 

#  Normal  Tests 

500  diseased 

300  (TP) 

200  (FN) 

9500  nondiseased 

950  (FP) 

8550  (TN) 

Total 

1250 

8750 

Predictive  value  of 

TP 

300 

TP  + 

FP  1250 

In  the  500  subjects  with  disease,  300  would  have  a  positive  test  and  200  would  have 
a  negative  test.  In  the  9,500  subjects  without  disease,  950  would  have  a  positive  test 
and  8,550  would  have  a  negative  test.  Thus,  the  predictive  value  unde  such  a  low  disease 
prevalence  is  only  24%.  It  is  apparent  from  these  two  examples  that  the  predictive  value 
of  a  test  with  a  60%  sensitivity  and  90%  specificity  can  be  markedly  different,  depending 
upon  the  disease  prevalence  in  the  test  population.  Table  5  outlines  the  steady  increase 
in  predictive  value  and  the  steady  decrease  in  false  positive  results  as  the  disease  prev¬ 
alence  increases. 

TABLE  5 

EFFECT  OF  INCIDENCE  ON  PREDICTIVE  VALUE  AND  FALSE 

POSITIVE  RATE  IN  TEST  WITH 

60%  SENSITIVITY  AND  90%  SPECIFICITY 

Prevalence  % 

Predictive  value 
of  abnormal  test  (%) 

False  positive  rate 
(100%-predictive  value) 

1 

5.7 

94.3 

5 

24 

76 

10 

40 

60 

50 

85.7 

14.3 

A  disease  prevalence  of  5%,  with  a  predictive  value  of  24%  and  a  false  positive  rate 
of  76%,  is  quite  analogous  to  the  situation  of  treadmill  exercise  testing  in  healthy 
asymptomatic  men. 

There  are  numerous  cases  of  false  positive  exercise  tests,  including  mitral  valve 
prolapse,  electrolyte  abnormalities,  cardiomyopathies,  pericardial  disease,  anemia,  left 
ventricular  hypertrophy,  pre-excitation,  nonfasting  state,  vasoregularity  abnormalities 
and  coronary  spasm.  However,  the  great  bulk  of  false  positive  exercise  tests  are  of 
unknown  etiology. 

THE  WIDE  SPECTRUM  OF  ASYMPTOMATIC  CORONARY  ARTERY  DISEASE 

It  must  always  be  remembered  that  the  absence  of  symptoms  does  not  rule  out  the 
presence  of  severe  obstructive  CAD.  Although  CAD  is  usually  far  advanced  when  it  becomes 
symptomatic, (6)  severe  asymptomatic  CAD  is  by  no  means  a  rare  finding. (7)  On  the  other 
hand,  ominous  risk  factor  profiles  as  well  as  markedly  abnormal  exercise  tests  do  not 
necessarily  indicate  the  presence  of  latent  CAD.  We  have  observed  virtually  all  possible 
combinations  of  risk  factors,  positivity  of  exercise  tests  and  coronary  angiographic 
results. 


USAFSAM  EXPERIENCE  WITH  TREADMILL  TESTING  IN  ASYMPTOMATIC  MEN 
Table  6  outlines  the  results  of  a  recently  completed  treadmill  study  at  USAFSAM. (8) 

TABLE  6 

RESULTS  OF  TREADMILL  STUDY 


158  no  CAD 


256  abnormal  treadmill,  asymptomatic 


98  any  CAD 

65  significant  disease  (~50%  lesions) 
33  minimal  disease  (<50%  lesions) 


Predictive  value  of  a  positive  treadmill  for  any  CAD  -  38% 
Predictive  value  of  a  positive  treadmill  for  significant  CAD*  -  25% 


Significant  coronary  disease  means  at  least  one  lesion  in  a  major  vessel  or  branch  which 
diminishes  the  luminal  diameter  by  at  least  50%. 
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256  left  heart  catheterizations  with  abnormal  treadmill  tests  were  reviewed.  The  ST 
segment  criteria  utilized  were  classical  criteria  <1  millimeter  of  ST  segment  depression 
with  a  horizontal  slope,  measured  80  milliseconds  after  the  J  point) .  Tests  were  also 
read  as  positive  if  they  met  Ellestad's  criteria  (1  millimeter  of  ST  segment  depression 
80  milliseconds  after  the  J  point,  irrespective  of  slope).  All  subjects  in  this  study 
were  totally  asymptomatic.  Subjects  were  excluded  from  this  study  if  they  had  symptoms 
or  chest  pain  syndromes,  right  bundle  branch  block,  left  bundle  branch  block,  valvular 
heart  disease  (including  mitral  valve  prolapse) ,  or  electrocardiographic  and/or  clinical 
documentation  of  myocardial  infarction.  The  results  of  the  treadmill  study  revealed  that 
of  256  patients  with  abnormal  treadmills,  158  had  no  CAD,  98  were  found  to  have  some  de¬ 
gree  of  CAD,  with  65  of  those  having  significant  disease  at  the  50%  lesion  level.  Thirty- 
three  subjects  had  minimal  disease  with  lesions  less  than  50%  of  the  luminal  diameter. 
Thus,  a  positive  treadmill  test  with  any  CAD  was  found  38%  of  the  time,  and  a  positive 
treadmill  with  significant  CAD  was  found  25%  of  the  time. 

A  number  of  risk  factors  were  also  evaluated  in  this  population  which  received  cath¬ 
eterization  for  positive  treadmill  exercise  tests. (Table  7)  The  sensitivity,  specificity 
and  predictive  value  of  these  risk  factors  were  calculated,  as  well  as  the  relative  risk. 
(9)  The  relative  risk  is  the  risk  of  CAD  in  a  person  with  a  given  characteristic,  as 
opposed  to  one  in  whom  the  characteristic  is  absent. 

TABLE  7 

CATHETERIZED  FOR  POSITIVE  TREADMILL 


CHOLESTEROL 

CAD 

NORMAL 

Cholesterol  ~  220  mg% 

53 

100 

Normal  cholesterol 

12 

90 

Relative  risk 

= 

2.9 

Sensitivity 

= 

82% 

Specificity 

= 

47% 

Predictive  Value 

= 

35% 

SMOKING 

Yes 

41 

92 

NO 

24 

98 

Relative  risk 

= 

1.6 

Sensitivity 

= 

63% 

Specificity 

= 

52% 

Predictive  Value 

= 

31% 

HYPERTENSION  (140/90  mmHg) 

Present 

19 

37 

Absent 

46 

153 

Relative  risk 

= 

1.5 

Sensitivity 

= 

29% 

Speci ficity 

= 

81% 

Predictive  Value 

= 

34% 

FAMILY  HISTORY 

Present 

25 

65 

Absent 

40 

125 

Relative  risk 

= 

1.1 

Sensitivity 

= 

38% 

Specificity 

= 

66% 

Predictive  Value 

= 

28% 

GLUCOSE  INTOLERANCE 

Present 

12 

14 

Absent 

53 

176 

Relative  risk 

= 

2.0 

Sensitivity 

= 

18% 

Specificity 

= 

93% 

Predictive  Value 

= 

46% 
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The  highest  relative  risk  in  the  entire  group  was  that  of  a  cholesterol  greater  than 
220  milligrams  percent,  yielding  a  relative  risk  of  2.9  and  a  predictive  value  of  35%. 

The  performance  of  the  other  cardiovascular  risk  factors,  when  considered  singly,  is  unim¬ 
pressive.  The  overall  prevalence  of  hypertension  in  this  highly  selective  population  was 
so  low  that  hypertension  was  of  almost  no  assistance  as  a  single  risk  factor.  Thus,  it 
can  be  seen  that  no  initial  risk  factor  is  of  great  benefit  when  considered  singly  in  an 
asymptomatic  population  with  an  abnormal  treadmill. 

SCREENING  FOR  CORONARY  DISEASE  WITH  AN  ANNUAL  RESTING  ELECTROCARDIOGRAM 

Table  8  reveals  the  results  of  a  one-year  screening  process  using  the  annual  electro¬ 
cardiogram  (ECG) . 


TABLE  8 

DETECTION  OF  CORONARY  ARTERY  DISEASE  BY  ANNUAL  ECG 


Normal  ECG 
No  action 


USAF  Centra j  ECG  Library  -  32,000  ECGs  annually 
Borderline*or  abnormal  ECG 

USAFSAM  request  for  additional  ^tudies  locally  (treadmills,  etc.) 


71 

(79% 


90  catheterizations 


19  abnormal 

(21%  any  degree  of  CAD) 


From  a  total  of  32,000  ECGs,  1,018  requests  for  additional  studies  were  sent  to 
various  flight  surgeons'  offices.  823  stress  tests  which  had  been  requested  were  referred 
to  USAFSAM.  679  of  these  tests  were  normal  and  no  further  action  was  required.  144  abnor¬ 
mal  stress  tests  were  referred  to  USAFSAM,  resulting  in  90  catheterizations.  79%  of  the 
catheterizations  were  normal  and  coronary  disease  of  any  degree  was  found  in  21%.  The 
great  majority  of  these  exercise  stress  tests  which  were  requested  by  the  USAF  Central 
ECG  Library  were  due  to  acquired  ST  and  T  wave  changes.  Thus,  treadmill  tests  which  were 
requested  due  to  an  acquired  serial  ST  or  T  wave  change  in  the  resting  ECG  revealed  a 
predictive  value  of  21%  in  the  general  aviation  population. 

UNSTRUCTURED  EXERCISE  TESTING 

An  unstructured  exercise  testing  program  is  one  in  which  there  is  no  previous  strati¬ 
fication  of  individuals  by  risk  factor  analysis,  resting  electrocardiographic  changes,  or 
other  factors  which  may  raise  the  suspicion  of  asymptomatic  CAD.  During  a  one-year  field 
trial,  a  major  Air  Force  command  conducted  775  stress  tests  in  men  over  the  age  of  37 
years,  with  an  age  of  37  years  being  the  only  stratification  variable. (10) 

TABLE  9 

UNSTRUCTURED  EXERCISE  TESTING 
A  one-year  field  experience 


775  stress  tests  >_  37  yrs. 

v 

60  abnormal  stress  tests  (7.7%) 

'< 

4  cases  CAD  -  ages  44,  44,  47,  47 


2  minimal)  waivered  for  flying 


2  suspended 


The  abnormal  test  rate  was  7.7%.  This  screening  process  revealed  4  cases  of  coronary 
artery  disease,  ages  44,  44,  47,  47.  Two  cases  of  disease  were  minimal  and  two  cases  were 
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suspended  from  flying.  Thus,  the  results  of  unstratified  testing  revealed  an  unacceptable 
yield  of  disease  in  view  of  the  logistical  expense  involved. 

COMPARISON  OF  STRATIFIED  AND  UNSTRATIFIED  TREADMILL  TESTING 

TABLE  10 

STRATIFICATION  OF  TREADMILL  POPULATION 


ANY  CAD 

SIGNIFICANT  CAD 

(lesion  ~50%) 

USAFSAM  treadmills  (referral  population) 

38% 

25% 

ECG  Library  abnormal  ECGs  with  followup 
abnormal  treadmills  (for  year  1979) 

21% 

— 

Unstructured  testing  in  the  field  (normal  ECG) 
screening  treadmill  abnormal 

9.5% 

— 

Table  10  reveals  the  results  of  stratification  of  a  treadmill  population.  A  positive 
treadmill  exercise  test  in  the  USAFSAM  referral  population,  67%  of  whom  are  referred  for 
cardiovascular  evaluations,  results  in  some  degree  of  CAD  in  38%  of  the  patients  and  sig¬ 
nificant  CAD  in  25%  of  the  patients.  The  predictive  value  decreases  from  38%  to  21%  if  the 
treadmill  test  is  done  solely  to  followup  a  serial  change  in  the  ECG  with  no  other  factors 
suggesting  cardiovascular  disease.  If  one  eliminates  the  screening  process  of  an  abnormal 
ECG  and  uses  unstructured  exercise  testing  in  the  field  with  no  particular  suspicion  or 
reason  for  performing  the  test,  then  the  predictive  value  decreases  further  to  9.5%.  Thus, 
the  limitations  of  the  treadmill  exercise  test  as  a  screening  test  for  CAD,  are  further 
magnified  if  the  population  to  be  tested  is  not  stratified  in  some  manner. 

As  can  be  seen  in  Table  11,  an  annual  ECG  which  is  abnormal  as  a  serial  change 
increases  the  predictive  value  of  an  abnormal  treadmill  test  from  9.5%  to  21%.  Still, 
this  extremely  low  predictive  value  limits  the  treadmill  test  as  a  screening  tool. 

TABLE  11 


21%  CAD 


in  abnormal  treadmill 


PROBLEMS  WITH  THE  TREADMILL  TEST 

The  first  and  most  obvious  problem  with  the  use  of  the  treadmill  as  a  screening  tool 
is  its  excessive  false  positive  rate.  Further,  it  must  be  recognized  that  the  false  nega¬ 
tive  rate  is  unknown  in  an  asymptomatic  population,  since  individuals  with  negative  exer¬ 
cise  tests  do  not  receive  further  screening  tests  or  cardiac  catheterizations.  While  a 
false  positive  test  imposes  additional  testing  upon  those  who  do  not  have  the  disease,  a 
false  negative  test  has  major  aeromedical  implications,  because  those  with  true  disease 
are  not  identified  or  studied  further.  In  spite  of  these  two  major  shortcomings  in  the 
treadmill  test,  one  cannot  ignore  the  rather  potent  risk  ratio  of  a  positive  test,  which 
is  14-fold  that  of  a  negative  test  over  a  mean  followup  of  6.5  years.  While  an  individual 
treadmill  may  be  poorly  predictive  of  the  absence  or  presence  of  disease,  it  is  neverthe¬ 
less  a  potent  epidemiological  tool.  A  false  positive  rate  for  some  cardiovascular  screen¬ 
ing  tests  may  not  impose  a  heavy  burden  on  the  screening  system.  For  example,  an  elevated 
blood  pressure  reading  which  ultimately  is  identified  as  a  spurious  or  "falsely  positive" 
reading  and  not  representative  of  true  hypertension  is  not  an  extremely  costly  error.  The 
followup  test  for  an  abnormal  blood  pressure  is  to  simply  repeat  the  blood  pressure  serially. 
However,  the  followup  test  for  a  positive  treadmill  test  in  an  aviator  (i.e.,  cardiac  cath¬ 
eterization)  is  expensive,  time  consuming,  and  is  not  risk  free.  Thus,  it  follows  that  a 
surveillance  program  for  coronary  disease  detection  in  aviators  totally  dependent  upon  the 
treadmill  as  a  screening  test  will  impose  severe  burdens  upon  the  medical  screening  process. 


6-7 


If  one  examines  the  alternatives  to  a  screening  program  based  on  the  treadmill  (Table 
12),  one  is  presented  with  a  variety  of  choices.  One  may  choose  to  totally  abandon  tread¬ 
mill  testing,  but  one  then  sacrifices  the  very  valuable  information  contained  in  the  tread¬ 
mill  as  a  physiologic  indicator  of  functional  capacity.  The  treadmill  test  is  also  a 
valuable  test  for  the  detection  of  stress-induced  arrhythmias.  Arrhythmias  which  are  not 
produced  under  any  other  circumstances  may  become  manifest  during  treadmill  exercise. 
Further,  the  treadmill  test  is  an  extremely  valuable  epidemiological  tool,  and  many  of  our 
aeromedical  population  studies  are  still  heavily  dependent  upon  the  treadmill  test  as  a 
stand-alone  test.  As  a  further  alternative,  one  may  choose  to  abandon  the  treadmill  test 
as  a  "stand-alone"  test.  This  implies  that  one  intends  to  do  a  first-order  screening  test. 
One  way  to  accomplish  this  end  is  to  "change"  the  disease  prevalence  in  the  test  population 
in  order  to  increase  the  pretest  likelihood  of  disease,  thereby  increasing  the  predictive 
value  of  the  treadmill  test.  If  one  stratifies  the  population  at  risk  to  an  extent  that 
appreciably  increases  the  prevalence  of  coronary  disease  in  the  test  population,  one  will 
therefore  increase  the  yield  of  a  positive  test.  At  USAFSAM,  we  have  chosen  to  use  a  com¬ 
bination  of  alternatives  2,  3,  4,  and  5  from  Table  12  by  utilizing  a  risk  equation  to 
single  out  those  with  a  high  risk  of  having  or  developing  CAD.  This  risk  equation  has  been 
formulated  from  the  risk  factor  information  obtained  on  asymptomatic  Air  Force  aviators  who 
have  undergone  coronary  angiography.  The  risk  equation  is  based  upon  age,  cholesterol, 
blood  pressure,  smoking  history,  and  family  history.  From  the  risk  factors  of  this  popula¬ 
tion  of  500  asymptomatic  men  with  coronary  arteriograms,  a  risk  index  from  0  to  1.0  has 
been  derived.  The  catheterization  population  has  been  divided  into  deciles  of  risk.  The 
USAFSAM  risk  estimation  equation  is  currently  being  evaluated  in  a  prospective  fashion. 

TABLE  12 

THE  ALTERNATIVES  TO  A  SCREENING  PROGRAM  BASED  ON  THE  TREADMILL 


1.  Totally  abandon  treadmill  testing,  sacrificing  important  additional  information: 

a.  Functional  capacity 

b.  Arrhythmias 

c.  Epidemiological  use 

2.  Discontinue  the  treadmill  as  a  "stand-alone"  test 

3.  "Change"  the  disease  prevalence  in  the  test  population  to  increase  the  predictive 
value  of  the  test 


4.  Accomplish  #3  by  utilizing  a  risk  equation  to  single  out  those  with  i  r<*<k  of 

having  or  developing  CAD 


5.  Combine  the  treadmill  with  thallium-201  scintigraphy 


The  use  of  the  exercise  thallium  myocardial  scintigram  for  the  detection  of  coronary 
disease  is  currently  under  evaluation  at  USAFSAM.  The  thallium  scan,  with  high  sensi¬ 
tivity  and  specificity  in  our  population,  holds  great  promise  in  aviation  medicine. (11) 

TABLE  13 

THE  "OLD"  PLAN 


Annual  ECG 

1 

Serial  change 

1 

Request  treadmill 

i 

Abnormal  or  borderline  treadmill  test 

I 

USAFSAM  evaluation 

l 

Abnormal  treadmill 

1 

Catheterization  -  approximately  80%  false  positives 


k 
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The  scheme  in  Table  13  defines  the  primary  system  by  which  CAD  has  been  detected  in 
the  aviator  population  in  the  past.  This  plan  consisted  of  an  annual  ECG  beginning  at 
age  35.  If  the  annual  ECG  revealed  a  significant  serial  change,  a  treadmill  test  was  per¬ 
formed  in  the  field.  If  the  treadmill  test  was  abnormal  or  borderline,  the  individual  wbb 
referred  to  USAFSAM  where  extensive  cardiovascular  evaluations  were  undertaken.  Cardiac 
catheterizations  were  performed  for  abnormal  exercise  tolerance  tests,  yielding  an  approx¬ 
imately  80%  false  positive  rate  in  recent  years. 

A  risk  identification  program  is  currently  under  evaluation  in  certain  portions  of 
the  U.S.  Air  Force  flying  population.  This  type  of  screening  is  accomplished  at  the  time 
of  the  annual  physical  examination  at  the  home  base.  For  those  who  are  below  the  fourth 
decile  of  risk,  a  treadmill  test  is  performed.  An  abnormal  or  borderline  treadmill  test 
leads  to  a  USAFSAM  evaluation.  A  normal  treadmill  at  the  home  base  leads  to  no  further 
action.  At  USAFSAM,  a  treadmill  test  plus  a  thallium  exercise  study  are  performed.  A 
normal  treadmill  test  plus  an  abnormal  thallium  scintigram  requires  a  cardiac  catheteri¬ 
zation  for  delineation  of  the  coronary  arteries.  If  both  the  treadmill  and  thallium  tests 
are  normal,  periodic  noninvasive  reevaluations  are  accomplished  in  the  future.  If  the 
treadmill  and  thallium  are  both  abnormal,  cardiac  catheterization  is,  of  course,  indicated. 
As  indicated  in  Table  14,  our  future  plans  are  to  forego  catheterization  in  those  indi¬ 
viduals  with  an  abnormal  treadmill  test  but  a  normal  thallium  scan.  Currently,  the  deci¬ 
sion  to  perform  cardiac  catheterization  on  aviators  with  the  abnormal  treadmill/normal 
thallium  combination  is  dependent  upon  the  age  of  the  aviator.  Current  Air  Force  policy 
allows  an  abnormal  treadmill  in  those  with  a  normal  thallium  scan  to  be  waivered  for  flying 
without  catheterization  if  the  aviator  is  35  years  of  age  or  under  with  no  risk  factors. 
Obviously,  any  aviator  identified  by  risk  screening  would  not  fall  into  this  category. 
Still,  many  aviators  35  years  of  age  or  under  receive  treadmills  for  ST  or  T  changes  on  the 
scalar  ECG.  In  the  U.S.  Air  Force,  after  an  initial  ECG,  the  next  required  ECG  is  due  at 
age  35,  and  annually  thereafter.  Repolarization  changes  on  this  ECG  at  age  35  require  a 
treadmill  test.  Other  aviators  under  age  35  may  receive  a  scalar  ECG  for  special  evalua¬ 
tions  and  assignments.  Hence,  the  occasional  aviator  35  years  or  under  may  yield  an  abnor¬ 
mal  exercise  test.  Based  upon  the  extremely  poor  yield  of  coronary  disease  at  catheteriza¬ 
tion  in  men  35  years  of  age  or  under  with  abnormal  exercise  tests,  we  have  chosen  to  waiver 
an  abnormal  treadmill  as  long  as  the  thallium  is  normal  and  there  are  no  coronary  risks. 
Individuals  thus  waived  are  then  followed  with  serial  noninvasive  tests.  A  decision  rule 
to  forego  angiography  in  all  aviators  with  the  abnormal  treadmill/normal  thallium  combina¬ 
tion,  irrespective  of  age,  awaits  additional  experience  with  thallium  scintigraphy.  We 
are  optimistic  that  the  plan  envisioned  in  Table  14  will  become  a  reality. 

TABLE  14 

PROPOSED  SCREENING  PLAN 


Treadmill  at  home  base 


Treadmill  normal 

f 

No  further  evaluation 


Treadmill  abnormal  or  borderline 

i 

USAFSAM  evaluation 


Catheterization 


Annual  evaluation 


.1 


Reevaluation  in  2-3  yrs. 


*USAF  policy  currently  requires  catheterization  for  an  abnormal  treadmill,  even  with  a 
normal  thallium.  Above  schema  assumes  that  normal  thallium  scintigrams  will  replace 
coronary  angiography  in  those  with  abnormal  treadmills. 
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ENREGISTREMENT  CONTI NU  DE  L'E.C.G.  SELON  LA  MEIHODE  DE  HOLTER 


(Modalites  techniques  -  Choix  d'un  apparel 11 age) 

G.  LEGUAY  (+)  -  A.  SEIGNEURIC  (++) 

La  raise  au  point  par  HOLTER,  en  1949,  d'un  proc6d6  permettant  1 'enregistrement  continu  de  l'E.C.G., 
en  ambulatoire,  permet  non  seulement  de  saisir  plus  qu'un  instantan6  de  1' activity  61ectrique  du  coeur,  mais 
serable,  de  plus,  susceptible  de  modifier  certains  de  nos  concepts,  en  particulier  deg  troubles  du  rythme. 

Cette  mSthode,  constanment  am61ior6e,  pr^sente  en  cardiologie,  deux  grands  pfiles  d’int6rfit  : 

-  6tude  des  troubles  du  rythme  et  surveillance  de  leur  traitement, 

-  dtude  des  troubles  de  la  repolarisation. 

Les  caract^ristiques  et  les  performances  des  diff6rents  appareils  proposes  sont  trds  variables. 

II  en  r^sulte  parfois  une  certaine  confusion  sur  les  indications  de  la  m€thode,  ses  possibility  et  ses 
liraites. 

Elies  dependent,  en  partie,  des  modality  techniques  des  diff£rents  systemes  que  nous  voudrions 
presenter  dans  leurs  grandes  lignes. 

I.  MODALITES  TECHNIQUES  DE  LA  METHODE  DE  HOLTER 


Les  caract^ristiques  et  les  performances  des  diff^rents  appareils  sont  tr6s  variables.  II  en  r£- 
sulte  parfois  une  certaine  confusion  sur  les  indications  de  la  mdthode,  ses  possibility  et  ses  limites. 


L 


Elies  dependent,  en  partie,  des  modality  techniques  des  diff^rents  systemes  que  nous  viendrons 
presenter  dans  leurs  grandes  lignes. 

Tout  ensemble  d' enregistrement  continu  de  l'E.C.G.  comporte  trois  parties  : 

-  l'enregistreur, 

-  le  lecteur, 

-  le  syst&ne  informatique. 

1°  Enregistreur 

L' enregistrement  se  fait  sur  un  support  magn^tique,  d6roul6  A  vitesse  constante  et  sur  lequel  on 
doit  pouvoir  inscrire,  outre  le  signal  41ectrocardiographique,  une  base  de  temps  et  un  marqueur  d'4- 
v6nements. 

a)  Support  magn^tigue 

L' enregistrement  peut  se  faire  actuellement  : 

-  soit  sur  bande  magn€tique, 

-  soit  sur  cassette. 

Ce  deuxieme  mode  est  de  plus  en  plus  r^pandu.  II  a  1'avantage  d’une  simplification  de  la  manipula¬ 
tion.  On  lui  reproche  parfois,  pour  des  enregistrements  sup^rieurs  A  18  heures,  des  difficulty 
de  d£roulement  qui  compromettent  la  lecture  de  la  cassette. 

Un  des  inconv^nients  du  systdme  A  bande  magn^tique  est  l'usure  des  pignons  du  moteur.  Actuellement, 
ils  peuvent  heureusement  dtre  changes.  La  mise  en  place  de  la  bobine  demande  plus  de  soins  que  celle 
de  la  cassette.  Une  mauvaise  mise  en  place  peut  entralner  une  absence  de  d^roulement. 

Enfin,  si  l'on  veut  conserver  les  enregistrements,  le  syst&ne  de  la  cassette  est  moins  on£reux. 

b)  Alimentation  61ectrique 

Tous  les  appareils  sont  munis  d'un  dispositif  d' alimentation  61ectrique  autonome  qui  doit  durer  plus 
de  24  heures  : 

-  accus  qui  doivent  Stre  recharges  avant  chaque  usage.  Ce  qui  ndcessite  1' achat  d'un  chargeur, 

-  piles  alcalines, 

-  piles  au  roercure. 

Certaines  de  ces  piles  sont  rechargeables. 


(+)  G.  LEGUAY  M^decin  en  Chef  Professeur  du  Service  de  Sant6  des  Armies 

(+♦)  A.  SEIGNEURIC  MSdecin  Principal  M6decin  des  Hdpitaux 

Service  de  M€de cine  Interne  M^decine  A^ronautique 
Hdpital  d ' Instruction  des  Armies  Dominique  LARREY 
78013  VERSAILLES 
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c)  Vitesse  de  dEroulement  et  marque ur  de  temps 

Un  des  intErEts  majeurs  de  la  mEthode  est  de  confronter  l'E.C.G.  enregistrE,  A  des  moments  prEcis 
de  1' activity  du  malade.  Par  ailleurs,  il  importe  d' avoir  une  Vitesse  de  dEroulement  uniforme  du 
support  magnEtique.  Ceci  est  difficile  car  cette  vitesse  est  trEs  lente. 

Dans  les  appareils  les  plus  perfectionnEs  existe  une  horloge  A  quartz  qui  pilote,  d'une  part  la 
vitesse  de  dEroulement,  d* autre  part  un  marqueur  de  temps  sur  la  bobine. 

d)  Marqueur  d'EvEnements 

Il  est  Egalement  intEressant  que  le  sujet  testE  puisse  imprinter,  sur  la  bande  d’enregistrement,  la 
marque  d'EvEnements  prEcis  et  brefs  (symptdmes,  Emotions,  thErapeutique ,  etc  . ..). 

A  la  lecture,  le  signal  peut  Etre  confronts  avec  l’E.C.G.  et  la  base  de  temps. 

Le  marqueur  d'EvEnements  actionnE  par  le  sujet  tests  est  soit  incorporS  au  boitier,  soit  reliS  pen: 
un  cAble,  ce  qui  permet  de  1' avoir  A  proximitS  de  la  main. 

e)  Nombre  de  pistes 

L'enregistrement  se  fait  par  1* IntermSdiaire  d'Electrodes  prScordiales,  placSes  le  plus  souvent 
dans  l'axe  du  coeur  de  fagon  A  recueillir  le  plus  grand  signal. 

Les  enregistreurs  comportant  deux  pistes  off rent  une  plus  grande  garantie.  Ils  permettent  d'enre- 
gistrer  deux  dSrivations,  et  de  ce  fait  : 

-  de  s'affranchir  de  certains  parasites, 

-  de  pallier  au  dScollement  d'une  Slectrode  qui  peut  tou jours  survenir  chez  un  sujet  &  qui  l'on 
demande  d' avoir  son  activitS  habituelle. 

f)  Poids 

Les  enregistreurs  pSsent  entre  500  et  750  grammes,  ce  qui  est  souvent  admis  corame  le  poids  maximum 
tolSrable.  Les  enregistreurs  A  cassette  sont,  en  rEgle  gEnErale,  plus  lagers. 

g)  ContrSle  du  signal  enregistrE 

Il  est  indispensable,  lors  de  la  mise  en  place  de  1 ' enregistreur ,  de  contrdler  le  signal  enregis¬ 
trE  sur  un  appareil  E.C.G. -standard. 

Ceci  permet,  en  changeant  les  Electrodes  de  place,  d'obtenir  un  signal  d’un  voltage  tel  (supErieur 
A  un  minivolt)  que  le  lecteur  pourra  le  dEpister. 

Ceci  permet  Egalement  de  repErer  et  supprioer  au  dEpart  certains  parasites. 

2°  Lecteur 


Le  lecteur  est  un  appareil  capable  d' identifier  les  complexes  Q.R.S.  normaux,  et  d'en  sEparer  les 
complexes  anormaux. 

Il  le  fait  aprEs  que  soit  dEfini  un  complexe  Q.R.S.  normal, 
a)  DEflnltlon  du  complexe  Q.R.S.  et  de  S.T. 

La  valeur  d’un  lecteur  tient  essentiellement  A  la  dEfinition  du  programme  (Q.R.S.  normal). 

Selon  le  type  d' appareil  seront  pris  en  compte  : 

-  la  durEe  de  Q.R.S., 

-  1' amplitude, 

-  plusieurs  points  (5)  sur  Q.R.S., 

-  la  surface  de  Q.R.S., 

-  la  prEcocitE  de  Q.R.S.  par  rapport  au  complexe  prEcEdent  (prEmaturitE) . 

C'est  en  fonction  des  performances  du  lecteur  et  de  l'affinement  du  programme  que  la  lecture  sera 
plus  ou  moins  exacte  et  prEcise. 

Ainsi,  au  mieux,  le  lecteur  pourra-t-il  diffErencier  : 

-  les  complexes  normaux, 

-  les  extra-systoles  (complexes  prEmaturEs) , 

-  leur  nature  supra-ventricu.' aire  ou  ventriculaire  (complexes fins  ou  larges). 

Selon  le  degrE  d'affinement  ou  non  du  programme,  certaines  extra-systoles  ne  seront  pas  reconnues, 
ou,  au  contraire,  certains  parasites  peuvent  Etre  comptEs  comme  complexes  anormaux. 

DEfinition  du  segment  S.T. 


De  mEme,  certains  appareils  permettent  de  dEfinir  le  segment  S.T.  normal,  grEce  par  exemple  A  un 
systEme  de  surbrillance  rEglable. 
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b)  Vitesse  de  lecture  et  base  de  temps 

La  vitesse  de  lecture  est  de  60  A  120  fois  la  vitesse  d 1 enregistrement .  Le  lecteur  d^pouille  done 
une  bande  de  24  heures  en  24  £  17  minutes. 

Ceci  ne  sigmfie  pas  qu'une  baiyie  soit  exploits  dans  le  m&ne  temps.  Ce  temps  est  plus  long  et  varie 
avec  la  frequence  des  anomalies,  les  exigences  de  l'op£rateur,  les  possibility  techniques  de  l'ap- 
pareil. 

Comme  pour  1 ' enregistreur ,  certains  lecteurs  sont  munis  d'une  horloge  4  quartz  qui  r&gle  la  vitesse 
de  dyroulement,  et  6ventuellement  asservit  le  d^roulement  &  la  base  de  temps  de  1 'enregistreur . 

Le  lecteur  peut  6galement  afficher  le  temps  et  l'on  peut  mSme,  sur  certains  appareils,  lui  faire  re- 
chercher  et  d^chiffrer  une  fraction  bien  dyfinie  du  trac£  en  affichant  un  horaire  precis. 

c)  Lecture  sur  scope 

Tous  les  lecteurs  affichent  sur  scope  tout  ou  partie  du  trac£  enregistre,  selon  les  modality  ma- 
riables . 

Lecture  continue  : 


La  representation  sur  le  scope  de  1'E.C.G.  se  fait  sous  forme  d'un  (ou  deux,  ou  trois)  cycle  car- 
diaque  par  superposition  des  images,  tant  que  les  complexes  cardiaques  restent  identiques. 

Le  travail  et  le  talent  de  l'observateur  consistent  cl  rep£rer  une  modification  par fois  fugitive  de 
1 1  image . 

Lecture  discontinue  : 


Le  scope  affiche  une  suite  de  complexes  d'une  dur£e  de  quelques  dizaines  de  secondes  (20  &  40  sec.) 
qui  reste  fixe  tant  que  le  trac6  est  stable. 

nouvelle 

Si  une  modification  apparatt,  une  nouvelle  bande  apparalt.  Si  le  lecteur  ne  d£chiffre  pas  une/anoma- 
lie,  la  bande  reste  fixe. 

Certains  appareils  combinent  les  deux  systdmes.  Ceci  permet  a  un  observateur  attentif  de  d£pister 
des  anomalies  sur  le  dSrouJement  en  continu  que  le  lecteur  aurait  laiss£  passer. 

d)  Signal  sonore  et  arr€t  automatique 

Certains  dispositifs  permettent  de  pallier  un  d£faut  de  vigilance  de  l'observateur  : 

-  signal  sonore, 

-  arr@t  automatique  du  d4roulement  pendant  un  temps  court  qui  peut  ou  non  etre  prolong^. 

e)  Validation  de  la  lecture 


Certains  actSfacts  peuvent  €tre  reconnus  comme  anomalies  par  le  lecteur,  et  etre  transmis  comme  tels 
au  systSme  d' analyse  automatique  (cf.  infra)  (par  exemple,  bouff£es  de  parasites  reconnues  comme 
acc£s  de  tachycardie) . 

II  est  possible,  a  notre  connaissance ,  sur  un  seul  appareil  de  valider  ou  au  contraire  d'ef facer  le 
passage  de  1 'enregistrement  reconnu  comme  anormal  par  le  lecteur. 

De  mdme,  il  est  possible,  avec  ce  systdme  de  validation,  d'affiner  le  programme  Q.R.S.  au  d£but  de 
la  lecture. 

f )  Fonction  "Jog" 

Lorsque  1 'appareil  s'arrSte  sur  une  modification  du  trac£,  il  est  souvent  int£re.  sant  de  pouvoir 
examiner  les  instants  pr6c4dant  et  suivant  cette  modification.  C'est  la  fonction  "Jog". 

Elle  se  fait  habituellement  par  fractions  successives  selon  un  temps  plus  ou  moins  long  (de  40  s. 
h  quelques  minutes).  Il  est,  en  rdgle,  possible  de  verifier  toutes  les  parties  d£sir>?es  de  l'en- 
registrement  mais  avec  une  manipulation  plus  ou  moins  complexe,  et  done  plus  ou  moins  longue. 

g)  Enregistrement  sur  papier 

Il  est  ngeessaire  de  pouvoir  enregistrer  sur  papier  certaines  anomalies  du  trace. 

Les  possibility  d' enregistrement  varient  selon  les  appareils  : 

-  possibility  d 'enregistrement  total  et  continu, 

-  possibility  d' enregistrement  total,  mais  en  discon tinu  (par  fraction  de  quelques  dizaines  de  se¬ 
condes  £  quelques  dizaines  de  minutes) , 

-  1£  encore, il  est  de  r$gle  possible  d ' enregistrer  sur  papier  tout  le  trac4,  mais  avec  vine  manipu¬ 
lation  plus  ou  moins  longue. 


3°  Analyse  automatigue  (Sys>,£me  informatique) 

A  partir  de  la  reconnaissance  de  1 ' enregistrement  faite  par  le  lecteur,  differents  parametres 
peuvent  $tre  analyses  autoinatiquement  par  un  systfeme  informatique  et  exprimes  sur  une  imprimante  : 

-  soit  sous  forme  de  courbes  et  diagrammes  £  interpreter, 

-  et  parfois,  en  plus,  sous  forme  d'un  compte-rendu  diagnostique. 

Les  possibility  sont  variables  selon  les  appareils. 

a)  Donnies  numeriques 

-  frequence  cardiaque.  Maxima.  Minima.  Moyenne, 

-  nombre  de  complexes  totaux, 

-  nombre  d' extra-systoles  ventriculaires ,  supra-ventriculaires, 

-  nombre  de  doublets,  triplets, 

-  complexes  R/T, 

-  prematuree, 

-  intervalle  RR  inf4rieur  ou  superieur  a  un  temps  donne, 
etc  . . . 

b)  Courbes  et  diagrammes 

Nombre  de  parametres  sont  figures  sous  forme  de  courbes  ou  diagrammes. 

La  dur4e  de  X* intervalle  RR,  en  particulier,  est  souvent  representee  sous  forme  d'histogramme  en 
barre.  Ces  histogrammes  sont  faits  de  petites  barres  repr4sentant  chacune  la  dur4e  moyenne  de  RR 
pendant  5  ou  10  minutes. 

Ces  diagrammes,  qui  demandant  1 1 apprentissage  d'une  technique  de  lecture  particuliere,  permettent 
de  reperer  tr£s  vite  les  anomalies  du  rythme. 

Ef fet-loupe  : 

II  est  interessant  de  s'arr§ter  sur  les  barres  signalant  une  anomalie  et  de  les  reprendre  en  les 
etalant  sur  le  lecteur.  C'est  ce  que  permet  1 'ef fet-loupe  qui  s'intrique  parfois  avec  la  fonction 
"Jog".  La  possibilite  de  faire  rechercher  autoinatiquement  par  le  lecteur  une  barre  determinee  en 
affichant  son  heure  d 'enregistrement  est  particulierement  interessante  dans  cette  optique  (Cf .  II-2) . 

Segment  ST  : 

Les  variations  du  segment  ST  sont  egalement  representees  par  une  ligne  continue,  faite  d'une  suite 
de  segments  representant  sa  variation  moyennee  dans  un  temps  de  5  minutes,  autour  d'une  ligne  de 
reference. 

c)  Aide  au  diagnostic 

Les  systemes  les  plus  perfectionnes  donnent  meme  un  compte-rendu  synthetique  et  une  orientation  diag¬ 
nostique  . 

II  faut  supposer  que  1 'etablissement  du  programme  soit  a  la  fois  assez  strict  pour  qu'il  n'y  ait  pas 
d'erreur  de  lecture,  et  assez  complexe  pour  que  toutes  les  anomalies  soient  retenues.  Ce  systeme  de- 
mande  une  confiance  totale  4  la  machine.  II  n'est  pas  certain  que  cela  soit  possible  actuellement . 

EN  CONCLUSION  : 

II  est  possible  d'exiger  des  differents  appareils  proposes  par  les  constructeurs  des  criteres  pre¬ 
cis.  Mais  il  est  beaucoup  plus  difficile,  voire  impossible,  d’etablir  une  hierarchie  absolue  de  ces 
appareils. 

Le  choix  doit  @tre  fonction  de  1' usage  que  l'on  veut  en  faire  :  recherche,  clinique  (orientation 
vers  les  troubles  du  rythme,  1 ' insuf fisance  coronarienne) .  il  est  fonction  egalement  de  la  disponibi- 
lite  des  medecins  qui  l'utilisent  et  de  leur  experience,  le  danger  nous  paraissant  etre  1 ' utilisation 
d  grand  debit  de  systemes  entidrement  automatises  oil  le  medecin  n'intervient  pas. 

II.  INTERET  ET  EXPERIENCE  ACQUISE  EN  CARDIOLOGIE 

L' enregistrement  continu  de  l'E.C.G.  en  ambulatoire  selon  la  methode  de  HOLTER  est  venu  combler 
un  espoir  formuie  depuis  longtemps  par  les  cliniciens  :  pouvoir  af firmer  la  concordance  d'un  trouble  fonc- 
tionnel  paroxystique  (perte  de  connaissance,  douleur,  etc  ...)  3  une  alteration  de  l'E.C.G. 

La  methode  est  actuellement  tris  largement  utilisee  et  a  fait  la  preuve  de  son  grand  interet.  De 
nombreux  travaux  lui  ont  ete  consacres,  et  lui  sont  encore  consacres  car  elle  reste  d'une  grande  actual ite. 

On  ne  saurait  tous  les  evoquer. 

Nous  donnerons  les  principales  indications  de  la  methode  telles  que  nous  les  avons  mentionnees  dans 
un  precedent  article  (29) . 

1*  Chez  les  sujets  asymptomatiques 

L' etude  n'est  pas  sans  interet  ;  elle  a  en  particulier  pour  but  de  fixer  les  limites  de  la  norma- 

lite. 
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Des  Etudes  ont  ete  pratiquees  de  fagon  intensive  dans  toutes  les  tranches  d'&ge  (2-6).  Elies 
ont  permis  de  souligner  la  grande  frequence  des  troubles  de  la  fonction  sinusale  chez  le  sujet 
jeune  pendant  le  sommeilet  le  pourcentage  eieve  d'arythmies  ventriculaires  au  cours  du  troisidme 
Age .  Certaines  anomalies  rencontr^es  permettent  de  confirmer  1' importance  des  troubles  rythmiques 
dans  l'etiologie  des  morts  subites. 

2°  Symptdmes  evocateurs  d'une  ary thmie  paroxystique 

La  semiologie  peut  avoir  une  resonnance  cardiaque  :  palpitations,  irregularity  du  rythme-  ou 
neurologique  :  lipothymies,  vertiges,  syncopes,  voire  pertes  de  connaissance  vraies. 

11  est  bien  certain  que  cette  technique  d 'enregistrement  pendant  une  dur£e  de  24  heures  a  une 
plus  grande  efficacite  diagnostique  qu'un  eiectrocardiogramme  standard,  m6me  un  peu  prolong^  (5). 

La  methode,  ici,  pourrait  paraltre  decevante,  d'abord  parce  que  de  nombreux  "malaises"  n'ont 
en  fait  aucun  rapport  rythmique  cardiaque,  ensuite,  parce  que,  pour  avoir  quelque  valeur,  1' enregis¬ 
trement  doit  avoir  pu  se  derouler  au  moment  oil  la  symptomatologie  se  produisait  (3-7)  . 

Neanmoins,  certains  auteurs  font  etat  de  25  %  de  cas  oti  elle  a  ete  ef fectivement  contemporaine 
d'un  enregistrement  continu  (18). 

D'autres  statistiques  ont  mis  en  evidence  jusqu’A  34  %  d'arythmies  consid£r£es  comme  s£rieuses 
et  qui  ont  pu  n£cessiter  la  mise  en  place  d'un  stimulateur  (14-25). 

3°  Symptdmes  en  faveur  d'une  insufflsance  coronarlenne  transitoire 

L'interet  de  cette  methode  est  Evident  dans  des  cas  particuliers  :  angor  de  Printwmetal ,  crise 
se  declenchant  dans  certaines  circonstances  de  stress,  patients  Ages  ou  hypertendus.  ® 

Cette  technique  n’entre  pas  en  concurrence  avec  l'E.C.G.  d' effort,  mais  apporte  un  complement 
d' information  appreciable. 

L'dquipe  de  l'Hdpital  BROUSSAIS  (24)  a  rapporte  son  experience  de  correlations  avec  la  corona- 
rographie.  Elle  indique  63  %  de  bonnes  correlations,  c'est-A-dire  HOLTER  positif  associe  A  des  le¬ 
sions  coronaires  et  HOLTER  negatif  chez  des  patients  sans  lesion  coronaire. 

Les  etudes  comparant  les  troubles  du  rythme  enregistres  au  cours  d'une  epreuve  d' effort  et  pen¬ 
dant  un  E.C.G.  continu  de  24  heures  sont  un  peu  contradictoires  quant  A  la  fidelity  comparee  des 
deux  techniques  (22-11)  . 

II  semble  neanmoins  que  les  types  d' anomalies  enregistrees  soient  differentes  dans  les  deux  cas. 

4°  Patients  presentant  des  extra-systoles  ventriculaires 

C'est  un  domaine  particulierement  interessant  pour  tous  ceux  qui  tentent  d'apprecier  le  risque 
de  mort  subite  d'un  patient  porteur  d'un  trouble  de  1* excitability  ventriculaire . 

C'est  ainsi  qu'ont  pu  etre  mis  en  evidence  des  episodes  de  tachycardje  ventriculaire  totalement 
asymptomatique  (1-27). 

Des  correlations  ont  pu  etre  etablies  entre  la  survenue  de  ces  episodes  et  la  frequence  des 
extra-systoles,  leur  mode  de  couplage,  leur  caractere  uni  ou  multi-focal  et  1 'existence  de  phenomenes 
R  sur  T. 

L' incidence  de  ces  arythmies  ventriculaires  sur  le  risque  de  mort  subite  est  trds  differente 
selon  qu'elles  surviennent  sur  un  coeur  suppose  sain  ou  dcins  les  suites  d'un  infarctus  du  myocarde. 

5°  Patients  dans  les  suites  d1 infarctus 

Les  etudes  ont  ete  nombreuses  pour  preciser  la  frequence  des  troubles  du  rythme,  leur  periode 
de  survenue  elective,  leur  incidence  pronostique  (1-5-10-16-19). 

Tous  les  travaux  s'accordent  pour  confirmer  la  frequence  des  anomalies  du  rythme,  aussi  bien 
pendant  la  phase  precoce  que  dans  celle  du  premier  mois  apres  la  necrose.  II  est  etabli  que  1' exis¬ 
tence  de  troubles  importants  de  1 'excitability  ventriculaire  n'est  pas  sans  incidence  sur  le  pronos- 
tic  vital  des  patients  chez  lesquels  ils  auront  ete  detectes. 

L'E.C.G.  ambulatoire  est  egaleraent  un  bon  instrument  de  surveillance  du  coronarien  au  cours  de 
sa  periode  de  readaptation  et  il  permet  d'apprecier  de  fagon  assez  fideie  1' adaptation  de  son  systeme 
cardiovasculaire  aux  efforts  qui  lui  seront  imposes  (8) . 

6°  Atteintes  cardiaques  diverses 

Dans  les  myocardiopathies  obstructives  et  non  obstructives,  une  evaluation  du  risque  de  mort 
subite  a  ete  tentee  (23)  . 

On  a  pu  mettre  en  evidence  la  frequence  des  troubles  du  rythme  dans  la  forme  obstructive  et  1' in¬ 
cidence  des  episodes  de  tachycardie  ventriculaire  sur  le  risque  de  mort  subite. 


Dan >  le  prolapsus  mitral  (26),  une  etude  detailiee  des  manifestations  rythmiques  a  ete  realisee. 
Elle  montre  la  haute  frequence  de  ces  troubles  chez  certains  patients  et  leur  correlation  avec  les 
anomalies  de  la  repolarisation  remarquees  depuis  longtemps  dans  le  syndrome  de  BARLOW. 
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7*  Evaluation  de  la  th6rapeutlque 

II  s'agit  certainement  d'une  indication  privil6gi6e  de  cette  mgthode,  et  ceci  dans  quatre  types 

de  probl&nes  : 

-  l'efficacit€  des  anti-arythroiques  ne  peut  plus  actuellement  se  concevoir  en  dehors  d'un  contrfile 
suff isamment  prolong^  de  l'E.C.G.  L' utilisation  des  m^thodes  statistiques  a  permis  de  prdciser  les 
crit^res  n^cessaires  pour  affirmer  la  r£alit£  de  l1 action  anti- ary thmique  (20-21-28).  De  plus,  en 
indiquant  de  fagon  precise  1 'heure  de  la  prise  th^rapeutique,  on  pourra  me surer  le  d61ai  d'action 

de  la  drogue  et  sa  dur4e  d'action,  616ments  qui  conditionnent  les  modalit§s  de  prescription  (12-13), 

-  la  surveillance  des  stimulateurs  cardiaques  :  des  dysfonctionnements  intermittents  sont  souvent 
difficiles  A  mettre  en  Evidence  et  n6cessitent  une  6tude  prolong^e  en  modifiant  en  particulier  la 
position  du  patient,  un  E.c.G.  continu,  surtout  s'il  est  contemporain  d'un  6ventuel  malaise,  peut 
contribuer  tr£s  utilement  a  la  detection  de  la  panne.  II  pourra  £galement  mettre  en  Evidence  cer- 
taines  arythmies  provoqu^es  par  le  stimulateur  et  non  pergues  par  le  patient  (1), 

-  le  traitement  des  coronariens  nitrite  6galement  un  contrdle  de  son  efficacit£,  aussi  bien  sur  d'6ven- 
tuels  troubles  de  la  repolarisation  que  sur  des  manifestations  rythmiques  et  ceci  dans  des  conditions 
plus  physiologiques  que  l'E.C.G.  d'effort, 

-  la  cardio- toxicity  des  medicaments  pourra  fitre,  dans  une  certaine  mesure,  appr6ci£e  par  son  incidence 
sur  le  rythme  cardiaque  et  sur  la  repolarisation. 
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III.  INTERETS  EN  MEDECINE  AERONAUTIQUE  DE  LA  METHODS  DE  HOLTER 

La  raretE  des  publications  consacrEes  A  1 'enregistrement  continu  de  l'E.C.G.  en  mEdecine  aEronau- 
tique  contraste  singuliErement  avec  l'abondante  littErature  qui  lui  est  consacrEe  en  cardiologie. 

Elies  n'intEressent,  le  plus  souvent,  que  des  pilotes  de  transport. 

Parfois,  seule  la  frEquence  est  EvaluEe .  II  s'agit,  dans  ce  cas,  d'une  Etude  essentiellement  ergo- 
nomique,  pour  Evaluer  la  charge  de  travail  par  la  frEquence  cardiaque  (3) . 

i 


Certaines  Etudes  portent  sur  un  nombre  tr£s  limits  de  cas  (4-5  cas)  ou  des  temps  relativement 
courts  (1-8  heures) . 

D'autres  ont  un  caractere  purement  technique  experimental,  ne  concernant  que  le  materiel  (5-6-8). 

L' absence  de  criteres  de  norm^lite  definis  chez  le  personnel  navigant  est  reconnu  comme  une  des 
difficultes  h  l'emploi  immediat  de  la  methode  (1). 

L'interSt  de  la  methode  en  medecine  aeronautique  se  situe  A  differents  niveaux. 

1 °  Etude  du  comportement  cardiaque  du  pilote  en  vol 

Comme  nous  venons  de  le  voir,  cette  etude  n*a  encore  jamais  ete  r6ellement  faite. 

Elle  devrait  interesser  : 

-  d'une  part,  le  pilote  de  chasse  soumis  au  fortes  accelerations, 

-  d' autre  part,  le  pilote  de  transport  soumis  aux  ruptures  de  rythme  circadien. 

Le  probieme  de  la  tolerance  aux  accelerations  nous  paralt  d'une  tres  grande  actualite.  En  effet, 
de  no^breux  travaux  sent  actuellement  consacr6$  a  la  tolerance  aux  hautes  accelerations  qu'auront  A  su- 
bir  les  pilotes  des  nouvelles  generations  de  combat,  et  que  nous  avons  deja  developpes  par  ailleurs 
(9-10-11). 

Avec  la  technique  de  HOLTER,  il  e'st  possible  d' enregistrer  l'activite  electrique  du  coeur  du  pi¬ 
lote  dans  toutes  les  phases  des  differentes  missions  (decollage,  atterrissage ,  voltige,  accelerations, 
basse  ou  haute  altitude,  etc  ...). 

2°  Definition  de  criteres  de  normal ite 

A  partir  de  donnees  recueillies  sur  un  nombre  suffisant,  il  serait  possible  de  definir  les  cri¬ 
teres  de  normalite.  Apparition  et  frequence  d' extra- systoles  ventriculaires  a  un  certain  niveau  d' acce¬ 
leration,  par  exemple  ;  tachycardie  a  1 ' atterrissage,  au  decollage,  etc  ... 

3°  Adaptation  du  pilote  k  ses  fonctions 

De  raeme,  par  exemple,  le  degre  d'entralnement  d'un  sportif  peut  etre  suivi  grAce  £  l'E.C.G.,  de 
m^me,  certaines  particularites  de  l'E.C.G.  pourraient  renseigner  sur  le  degre  d'adaptation  du  navigant  a 
ses  fonctions. 

On  sait,  en  particulier,  qu'il  existe  une  modification  du  tonus  vagal  avec  1' experience  aeronautique 
(12)  qui  peut  renseigner  sur  le  degre  d'adaptation.  L'E.C.G.  est  un  bon  reflet  du  tonus  vagal. 

A  propos  des  trois  p61es  d'interets  que  nous  venons  d'envisager,  il  faut  rappeler  la  richesse  des 
renseignements  qu'&  apporte  1* etude  de  1 'enregistrement  continu  de  l'E.C.G.  au  cours  des  vols  spatiaux 
(13-14) . 

Ainsi,  ont  ete  definies  : 

-  des  modifications  E.C.G.  specif iques  A  l’espace, 

-  reconnues  la  frequence  et  la  bonne  tolerance  habituelle  de  certains  troubles  (extra-systoles  ventricu¬ 
laires)  . 

L' analyse  de  l'E.C.G.  et  ses  modifications  a  conduit  ci  modifier  la  programmation  des  phases  de 
travail  et  de  repos. 

D'une  fagon  un  peu  paradoxale,  ce  qui  a  ete  fait  chez  le  cosmonaute  reste  a  faire  chez  1' avia teur. 

4®  Aide  au  diagnostic  et  a  la  decision  d' aptitude,  securite  aerienne. 

Trois  chapitres  de  la  cardiologie  posent  de  diff idles  problemes  d' aptitude  : 

-  les  extra- systoles, 

-  les  troubles  mineurs  de  la  conduction, 

-  les  troubles  primaires  de  la  repolarisation. 

En  general,  ces  troubles  sont  benins.  Encore  faut-il  les  departager  des  rares  cas  qui  ne  le  sont 
pas.  L'E.C.G.  en  vol  peut  y  contribuer. 

Une  telle  methode  ne  penalisera  pas  le  pilo:  expertise.  En  effet,  le  devenir  en  vol  des  troubles 
cites  etant  encore  inconnu,  1’ expert  a  souvent  tendance  £  se  montrer  severe,  mettant  en  avant,  &  juste 
titre,  la  SECURITE  AERIENNE. 

La  verification  de  la  bonne  tolerance  du  coeur  en  vol  est  un  element  qui  renforce  la  SECURITE 
AERIENNE  et  aide  £  1' octroi  de  1' aptitude. 

L'emploi  de  la  methode  de  HOLTER  en  vol  permettrait  aussi  de  valider  ou  d'invalider  des  techniques 
d' expertise  actuellement  utilisees,  comme  la  centrifugeuse  de  BRETIGNY. 

La  methode  apporterait  beaucoup  egalement  £  la  connaissance  du  vaste  chapitre  des  MALAISES  EN  VOL. 

LA  encore,  elle  serait  un  appoint  h  la  SECURITE  AERIENNE. 
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Coronary  heart  disease  (CHD)  is  an  important  cause  of  premature  death  and  of  disabi¬ 
lity  in  the  economically  active  population  of  most  industrialized  countries.  Therefore 
there  is  a  great  need  for  measures  to  control  this  mass  disease.  This  presentation 
deals  with  some  of  the  controversies  concerning  links  between  life  styles,  behavioral 
factors  and  the  risk  of  CHD  and  provides  preliminary  results  of  an  ongoing  controlled 
preventive  trial. 

1.  IS  PREVENTION  OF  CHD  POSSIBLE  ? 

If  CHD  was  an  inevitable  consequence  of  aging  it  would  not  be  easily  preventable. 

However,  there  are  numerous  data  showing  that  the  rate  of  occurrence  of  CHD  is  largely 

determined  by  the  environment.  Three  different  types  of  evidence  are  given  as  examples 

a.  Geographical  variation 

There  are  important  international  differences  in  the  occurrence  of  CHD.  This 
can  be  illustrated  by  comparison  of  national  mortality  statistics.  Differences 
were  also  documented  in  international  prospective  surveys.  In  the  Seven  Countries 
Study  (1)  the  average  annual  incidence  rate  for  CHD,  in  men  aged  40-59  year  at 
entry,  varied  from  15/10.000  in  Japan  to  198/10.000  in  Finland.  Differences  in 
incidence  of  myocardial  infarction  were  clearly  documented  by  the  Myocardial 
Infarction  Community  Registers  (2) . 

b.  The  experience  of  migrants 

It  has  been  shown  that  men  of  Japanese  ancestry  living  in  the  U.S.  experience 
a  higher  rate  of  CHD  than  the  Japanese  in  Japan  (3) .  Along  the  same  line  data  have 
been  collected  among  Scandinavians  living  in  their  homelands  and  in  the  U.S. A. , 

Irish  people  from  Ireland  and  the  U.S. A.,  Yemenits  from  Yemen  and  Israel  (4-6). 

c .  Variation  with  time 

A  third  set  of  evidence  favoring  the  influence  of  the  environment  on  the  occur¬ 
rence  of  CHD  is  the  variation  with  time.  The  CHD  rate  observed  in  a  particular 
country  is  changing.  In  most  industrialized  countries  there  is  evidence  of  a  mar¬ 
ked  increase  in  the  20th  century,  especially  among  the  male  population  group. 

Changes  in  frequency  are  also  occurring  over  short  periods  : -during  the  second 
world  war  there  was  a  decline  in  CHD  mortality  in  some  European  countries  and  this 
has  been  attributed  to  changes  in  diet  (7);  -  since  1968  there  is  a  decline  in  CHD 
mortality  of  more  than  20%  in  the  U.S. A.  (8) .  Similar  trends  are  more  recently 
observed  in  other  countries.  Such  comparatively  rapid  changes  make  an  environmen¬ 
tal  explanation  likely. 

2.  RISK  FACTORS  FOR  CORONARY  HEART  DISEASE 


Epidemiological  studies  have  been  important  in  identifying  factors  that  are 
correlated  with  the  subsequent  development  of  clinical  CHD.  These  have  been  called 
risk  factors.  Faced  with  a  clear  and  significant  association  between  disease  and 
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some  feature  of  the  evironment  some  particular  characteristics  of  this  association 
should  specifically  be  considered  before  drawing  any  conclusions  about  the  nature  of 
the  relations. 


a.  Strength 

How  strong  is  the  association  between  the  factor  and  the  disease.  How  impor¬ 
tant  is  the  relative  risk  attributed  to  this  risk  factor  ? 

b.  Consistency 

How  consistent  is  the  observed  association  ?  Has  it  been  repeatedly  observed 
by  different  persons  in  different  places,  different  populations  and  times  ? 

c.  Specificity 

If  a  particular  feature  of  the  environment  is  specifically  associated  with 
one  particular  disease  this  is  a  strong  argument  in  favour  of  causation.  However 
it  should  be  kept  in  mind  that  disease  may  have  more  than  one  cause  and  that  en¬ 
vironmental  factors  can  promote  different  kinds  of  disease. 

d.  Temporality 

A  fourth  characteristic  to  be  considered  is  the  temporal  relationship  of  the 
observed  association.  Does  for  instance  a  particular  diet  lead  to  disease  or  do 
the  early  stages  of  the  disease  lead  to  particular  dietary  habits  ? 

e.  Congruence 

Finally  the  association  should  not  seriously  conflict  with  the  known  facts 
concerning  the  disease  from  experimental  and  clinical  pathological  studies.  On  the 
contrary  it  should  be  coherent  with  these  findings.  Out  of  a  long  list  of  possible 
risk  factors  and  taking  into  account  these  considerations  of  the  associations  a 
selection  of  a  few  factors  can  be  made.  Some  of  these  and  especially  some  of  the 
controversies  that  have  appeared  recently  in  the  medical  literature  concerning 
these  factors  will  now  be  considered. 

3.  THE  RELATION  BETWEEN  FOOD  HABITS,  SERUMLIPIDS  AND  CHD 

An  article  in  an  eminent  journal  (9)  recently  concluded  that  there  were  sufficient 
defects  in  the  diet-heart  theory  to  disregard  any  preventive  action  in  that  field. 

On  the  contrary  many  national  expert  committees  had  previously  concluded  that  the 
evidence  linking  a  high  fat  diet  to  the  risk  of  CHD  was  sufficiently  strong  to  recommend 
immediate  steps  to  lower  the  fat  content  of  the  national  diet  of  many  industrialized 
countries.  In  several  studies  in  different  populations  a  clear  relationship  between 
the  level  of  serumcholesterol  and  the  incidence  of  CHD  has  been  shown  and  the  risk  of 
CHD  increases  throughout  the  range  of  plasma  cholesterol  levels  (10-13).  What  is  the 
evidence  to  link  dietary  fat-intake  to  serumcholesterol  ?  Sound  epidemiological 
studies  among  large  heterogeneous  populations  using  systematic  methods  of  observation 
reveal  strong  correlations  between  CHD  and  habitual  diet  of  the  population  (10,11,13) 
Similarly  most  of  the  differences  in  average  serumcholesterol  levels  between 
populations  can  be  explained  by  differences  in  habitual  diet.  However,  these  corre¬ 
lations  do  not  by  themselves  prove  a  causal  relationship  between  dietary  fat  and  CHD. 

In  international  comparisons  there  are  also  strong  correlations  between  CHD  mortality 
and  sucrose  intake,  protein  intake  and  other  factors.  These  correlations  must  there¬ 
fore  be  evaluated  in  the  light  of  other  data  not  only  from  epidemiological  but  also 
from  clinical-pathological  and  experimental  research.  After  having  evaluated  these 
data  properly  in  the  light  of  all  other  data  sets,  using  the  guidelines  to  weigh 
causative  importance  as  defined  above,  strong  evidence  emerge  supporting  a  primary 
role  of  fat,  especially  of  saturated  fatty  acids  on  the  severity  of  atherosclerosis 
and  the  incidence  of  CHD. 
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In  studies  of  individuals  within  a  single  population  a  relationship  between  an 
individual's  intake  of  saturated  fat  and  his  level  of  serumcholesterol  or  his  risk  of 
CHD  was  generally  not  found.  This  can  be  surprising  also  because  it  is  easily  possible 
to  induce  a  change  in  an  individual's  serumcholesterol  level  by  changing  the  fat  con¬ 
tent  of  the  diet  experimentally.  Several  explanations  can  be  given  to  account  for 
this  lack  of  relationship  between  diet,  cholesterol  and  CHD  risk  within  a  single 
population.  Among  these  : -individuals  vary  markedly  from  day  to  day  in  their  fat  in¬ 
take.  Therefore  it  is  difficult  to  characterize  precisely  a  person's  diet.  It  has 
been  calculated  that  one  needs  to  collect  data  over  more  than  a  full  week  period  to 
characterize  a  single  individual's  diet  with  some  precision.  So  the  variability  of 
the  dietary  methods  is  certainly  one  of  the  reasons  why  an  association  between  diet 
and  cholesterol  is  less  apparent  within  a  single  population  survey. 

-  The  range  of  fat  intake  is  much  narrower  within  a  single  population  than  between 
populations.  Therefore  a  lower-order  correlation  between  dietary  fat  and  serumcholes¬ 
terol  is  expected  within  a  single  population. 

4.  THE  RELATION  BETWEEN  SMOKING  AND  CHD 

A  second  major  factor  that  has  been  identified  as  a  causal  factor  in  CHD  is  smo¬ 
king  of  cigarettes.  Several  prospective  studies  in  different  populations  have  shown 
that  smokers  have  an  increased  risk  for  CHD  than  non-smokers.  However,  it  should  be 
noted  that  in  countries  where  other  risk  factors  -  and  especially  the  diet  - 
lipid  factor  -  are  lacking  and  where  the  overall  level  of  CHD  is  low  -  as  for  example 
in  Japan  -  smoking  appear  not  to  be  a  risk  factor  for  CHD. 

Further  evidence  that  the  association  between  smoking  and  CHD  is  causal,  is  pro¬ 
vided  by  the  experience  of  ex-smokers.  Studies  in  Sweden,  the  United  Kingdom  and  the 
U.S.A.  have  all  shown  that  ex-smokers  have  a  lower  risk  of  CHD.  The  longer  the  inter¬ 
val  since  stopping  smoking  the  closer  the  CHD  risk  becomes  to  that  of  people  who  never 
smoked . 

The  case  for  including  smoking  cessation  in  a  program  for  CHD  prevention  is 
strengthened  by  the  knowledge  of  the  possible  benefits  in  reducing  the  frequency  of 
other  diseases. 

5.  THE  RELATION  BETWEEN  THE  ARTERIAL  BLOOD  PRESSURE  AND  CHD 

As  with  serumcholesterol  there  is  a  strong  relation  between  the  level  of  the 
blood  pressure  and  the  risk  of  developing  CHD  and  there  is  no  clearly  defined  cut  of 
point  below  which  a  blood  pressure  could  be  defined  as  "normal"  as  "bearing  no  risk”. 
The  lower  the  blood  pressure,  the  lower  is  the  risk.  This  is  true  for  men  and  women 
and  for  all  ages. 

In  preventive  programs  hypertension  is  defined  from  an  operational  point  of  view. 
If  the  action  to  be  taken  is  treatment  with  drugs  one  must  consider  the  possible  side 
effects  of  the  drugs  and  one  must  weigh  up  the  possible  benefits  of  therapy  against 
the  social,  medical  and  personal  costs  of  drug  treatment. 

On  the  benefit  side  the  findings  of  the  Veterars  Administration  trial  (14)  carried 
out  in  the  U.S.A.  have  long  been  advocated.  More  recently  data  have  become  available 
from  one  of  the  greatest  undertakings  concerning  the  effect  of  anti-hypertensive 
therapy  namely  the  Hypertension  detection  and  follow-up  program  (15).  This  trial  is 
a  community  based  randomized,  controlled  trial  involving  10.940  persons  with  high 
blood  pressure.  A  systematic  anti-hypertensive  treatment  program  was  compared  with 
referral  to  community  medical  therapy. 

In  the  special  care  group  more  than  two  thirds  continued  to  receive  medication 
over  a  five  year  period  of  the  trial  and  more  than  50%  achieved  BP  levels  within  the 
previously  defined  normotensive  range.  Control  of  BP  was  consistently  better  for  the 
special  care  group  than  for  the  referred  care  group.  Five  year  mortality  from  all 


causes  was  17%  lower  for  the  special  care  group  compared  to  the  referred  care  group 
and  20%  lower  for  the  special  care  subgroup  with  entry  DBP  of  90  to  104  mm  Hg  com¬ 
pared  to  the  corresponding  referred  care  subgroup.  These  findings  indicate  that  the 
systematic  effective  management  of  hypertension  has  a  great  potential  for  reducing 
mortality  for  the  large  number  of  people  with  high  BP  in  the  population  including 
those  with  so  called  "mild"  hypertension.  These  favorable  results  stimulates  further 
preventive  action  and  emphasize  the  importance  of  the  real  primary  prevention  of  the 
development  of  hypertension.  Research  is  urgently  needed  to  the  question  of  lowering 
blood  pressure  by  hygienic  means  and  even  more  to  the  question  of  how  to  prevent  the 
development  of  hypertension. 

6.  MULTI FACTORIAL  CONCEPT 


Another  very  important  point  is  that  each  of  the  three  major  risk  factors  - 
cholesterol,  smoking,  arterial  blood  pressure  -  contribute  independently  to  the  risk 
of  CHD .  The  more  risk  factors  an  individual  has,  the  greater  is  his  level  of  risk. 
This  concept  is  not  only  from  academic  importance;  it  also  explains  the  excess  risk  of 
a  majority  of  the  population  due  to  slight  elevation  of  different  risk  factors. 

7.  OTHER  RISK  FACTORS 

The  three  risk  factors  that  have  been  discussed  only  account  for  part  of  the 
known  variation  in  the  occurrence  of  CHD.  This  is  true  for  both  the  variation  in  CHD 
frequency  between  populations  and  within  populations. 

Other  factors  as  physical  activity,  psychosocial  factors,  hardness  of  drinking 
water,  diabetes  and  hyperglycemia,  oral  contraceptives  are  of  great  interest  in  ex¬ 
plaining  a  part  of  the  unexplained  variation  in  CHD  risk.  Further  research  should 
take  place  into  these  factors  and  into  their  possible  mechanisms.  At  the  same  time 
however,  preventive  efforts  are  needed  to  deal  with  the  known  major  risk  factors. 

8.  PREVENTIVE  TRIALS 

As  a  result  of  the  evidence  from  epidemiologic,  clinical-pathological  and  experi¬ 
mental  research,  several  national  bodies  have  made  recommendations  as  to  preventive 
strategies  and  at  the  same  time,  trials  have  been  instituted  to  assess  the  efficacy 
of  different  modes  of  interventions. 

a.  The  Belgian  Heart  Disease  Prevention  Project  ( BHDPP ) 

The  BHDPP  is  a  part  of  the  WHO  European  multifactorial  prevention  trial  (16). 
The  questions  under  study  are  practical  ones  ; 

-  to  what  extent  can  people  be  motivated  to  change  behavior  ? 

-  what  is  the  best  strategy  ? 

-  will  a  reduction  in  CHD  incidence  follow  ? 

The  study  population  was  recruited  in  industry  and  the  program  operated  at  the 
participant's  place  of  work.  Thirty  factories  vere  recruited  into  the  trial  after 
they  had  first  agreed  to  accept  allocation  to  either  the  intervention  or  the 
control  program.  All  male  subjects,  aged  40-59  years  (n=l9.390),  were  regarded  as 
participants  and  were  considered  to  be  at  risk  for  incidence  measurements;  the 
purpose  of  the  trial  was  to  assess  the  effect  of  the  program  on  these  communities 
taken  as  a  whole  and  not  simply  on  volunteers  or  on  those  who  adhere  to  treatment. 

Factories  were  arranged  in  pairs  and  within  each  pair  one  was  allocated  ran¬ 
domly  to  intervention  and  the  other  served  as  control;  84%  of  all  invited  subjects 
(n=16.222)  took  part  in  the  screening  examination.  In  the  intervention  group  all 
the  participants  underwent  a  screening  for  cardiovascular  risk  factors.  In  the 
control  group,  10%  of  the  subjects  was  randomly  selected  to  undergo  a  similar 


8-5 


screening  examination;  the  remaining  90%  of  the  control  group  was  subjected  to  a 
resting  electrocardiogram. 

For  all  the  subjects  in  the  intervention  group  and  for  the  10%  of  the  control 
group  that  underwent  the  same  screening  examination  risk  profiles  were  calculated 
on  the  basis  of  the  initial  results  according  to  a  risk  score.  The  subjects  of 
the  top  20%  of  the  risk  score  distribution  were  arbitrarily  selected  as  rhe  "high 
risk  group".  A  six-year  follow-up  period  is  still  ongoing.  Changes  in  risk  factor 
levels  have  been  evaluated  after  two  and  four  years  (17-18) . 

The  program  is  directed  towards  five  risk  factors  : 

-  serumcholesterol ; 

-  cigarette  smoking; 

-  hypertension; 

-  obesity; 

-  sedentarity. 

The  lower  risk  group  received  booklets  on  particular  risk  factors  and  benefited 
from  the  mass  counselling  program  including  posters,  anti-smoking  conferences  and 
dietary  surveys  of  the  canteens.  Each  individual's  general  practitioner  was  infor¬ 
med  of  the  results  of  the  screening  as  well  as  the  occupational  physician. 

The  subjects  from  the  high  risk  group  were  given  individual  advice,  twice  a  year, 
by  two  physicians  from  the  project.  Annually  and  from  the  second  anniversary  on, 
every  six  months,  a  random  sample  of  5%  of  the  total  intervention  group  was  invited 
for  risk  factor  level  measurement  and  individual  counselling.  By  the  end  of  the 
trial  the  subjects  from  the  high  risk  group  will  have  received  advice  at  ten  occa¬ 
sions  while  8  times  a  5%  random  sample  of  the  total  intervention  group  will  have 
received  individual  instructions. 

The  mean  systolic  blood  pressure  (SBP)  in  the  high  risk  subjects  of  the  control 
group  decreased  after  two  years  from  153.0  mm  Hg  to  147.9  mm  Hg  (-3.4%)  as  compared 
to  a  drop  from  152.2  to  140.4  mm  Hg  (-7.8%)  in  the  intervention  group,  the  diffe¬ 
rence  being  highly  significant.  The  mean  SBP  in  the  random  sample  of  the  control 
group  did  not  change  (141.0  versus  140.4  mm  Hg)  while  the  mean  SBP  in  the  random 
sample  of  the  intervention  group  decreased  from  139.1  to  132.5  mm  Hg  (-4.7%).  The 
differences  in  SBP  changes  at  four  years  were  of  the  same  magnitude. 

In  the  high  risk  subjects  of  the  control  group  the  serumcholesterol  level 
was  respectively  262.2  and  263.1  mg%  at  baseline  and  after  two  year  while  in  the 
comparable  group  of  the  intervention  group  a  decrease  from  264.8  to  254.5  mg%  was 
observed.  In  the  random  sample  of  the  control  group  there  was  an  increase  in  serum 
cholesterol  from  232.2  to  242.2  mg%  as  compared  to  a  slight  increase  from  231.5  to 
233.9  mg%  in  the  intervention  group.  Changes  in  cholesterol  correlate  well 
with  changes  in  dietary  habits  assessed  through  24  hour  food  Intake  recalls  in  sub¬ 
samples  (17). 

As  far  as  smoking  is  concerned,  12%  of  the  high  risk  subjects  of  the  control 
group  said  they  had  stopped  all  cigarette  smoking  at  two  years;  the  corresponding 
precentage  was  significantly  higher,  namely  19%,  in  the  intervention  group.  For 
the  random  samples  there  was  an  identical  smoking  cessation  rate  of  12%  in  both 
intervention  and  control  groups. 

Although  the  changes  in  individual  risk  factors  have  been  small  the  potential 
effect  on  CHD  incidence  is  not  negligible.  If  it  is  assumed  that  the  risk  of  CHD 
is  fully  reversible,  one  can  estimate  the  potential  effect  of  the  degree  of  risk 
factor  reduction  using  the  multiple  logistic  function  (MLF) .  At  the  second  anni¬ 
versary  the  risk  of  developing  a  fatal  cardiac  event  or  a  non-fatal  myocardial  in¬ 
farct  over  the  next  period  of  five  years,  increased  with  12.5%  for  the  high  risk 
subjects  of  the  control  group,  while  it  decreased  by  25%  in  the  intervention  group. 
For  the  random  samples  a  difference  in  MLF  prediction  of  27%  was  observed  after  2 
years. 
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b.  Other  preventive  trials 

In  the  last  decade,  different  preventive  projects  have  been  instituted  in  the 
U.S.  and  in  Europe.  The  efficacy  in  terms  of  risk  factor  modification  of  some  of 
these  trials  has  been  assessed  and  presented.  The  Oslo  study  has  published  en¬ 
couraging  CHD  incidence  data  (19).  Most  of  the  trials  are  still  at  an  interim 
stage. 

While  waiting  for  results  suggestions  can  be  made  to  increase  the  potential 
benefit  of  prevention  :  to  start  intervention  earlier  in  life,  to  prevent  the  for¬ 
mation  of  bad  habits  before  pathological  changes  commence;  to  prevent  that  people 
start  smoking,  to  prevent  that  hypertension  develops  and  that  the  cholesterol 
raises.  At  the  same  time  efforts  have  to  be  intensified  to  identify  other  etiolo¬ 
gical  factors  in  the  epidemiology  of  CHD  in  order  to  improve  the  ability  to  pre¬ 
dict  and  to  prevent  the  disease . 
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PREVENTION  OF  CARDIOVASCULAR  DISEASES 


by 

Med  Kol  H.  KESTELOOT 
Comd  Military  Hospital 
Neder-over-Heembeek 
Belgium 


Cardiovascular  diseases,  especially  those  caused  by  coronary  heart  disease,  belong  to  today's  major 
killers.  They  account  for  55#  of  the  total  death  rate  in  our  country  and  are  three  times  more  important 
than  cancer.  Modern  epidemiological  research  underlined  the  multifactorial  origin  of  cardiovascular  dis¬ 
eases  and  identified  several  risk  factors. 

The  purpose  of  this  brief  review  is  to  give  a  survey  of  the  most  important  risk  factors  influencing 
cardiovascular  mortality.  At  the  same  time  we  will  provide  the  reader  with  various  recommendations  in  or¬ 
der  to  decrease  the  adverse  effects  of  these  risk  factors  with  regard  to  health  and  life  expectancy. 

THE  SERUM  CHOLESTEROL  LEVEL 

The  higher  your  serum  cholesterol  level,  the  higher  the  ri6k  you'll  die  from  coronary  insufficiency. 
Coronary  insufficiency  is  due  to  partial  or  total  blockage  of  the  coronary  arteries  by  atheroma  or  throm¬ 
bosis.  This  results  in  the  occurrence  of  angina  pectoris  or  myocardial  infarction. 

Myocardial  infarction  (MI)  is  accompanied  by  a  very  high  death  rate.  Approximately  25%  of  MI  patients  die 
during  the  (first)  h8  hours  after  the  infarction.  Life  expectancy  for  those  who  survive  is  much  shorter. 

Comparative  studies  of  several  population  groups  show  that  in  populations  with  a  low  serum  choleste¬ 
rol  level  (  <200mg#)  coronary  insufficiency  is  virtually  absent.  Recent  studies  have  reported  the  following 
findings  with  regard  to  serum  cholesterol  levels.  Serum  cholesterol  is  bound  to  lipoproteins  of  different 
kinds;  the  most  important  are  : 

VLDL  (very  low  density  lipoproteins),  LDL  (low  density  lipoproteins),  HDL  (high  density  lipoproteins) 
and  VHDL  (very  high  density  lipoproteins). 

This  classification  is  made  on  the  basis  of  lipid  density,  molecular  weight,  diameter,  form  and  com¬ 
position.  Several  recent  studies  have  demonstrated  that  HDL  protect  against  arteriosclerosis  and  as  a 
consequence  we  can  state  that  the  higher  your  HDL-cholesterol  level  is,  the  lower  the  risk  for  coronary 
heart  disease. 

LDL-cholesterol ,  however,  easily  permeates  the  cell  membrane  via  specific  receptors  and  is  responsible 
for  a  chain  of  events  which  leads  to  the  genesis  of  atherosclerosis.  Thus,  the  higher  your  LDL  level  the 
higher  your  risk  for  coronary  heart  disease. 

The  total  serum  cholesterol  level  mainly  reflects  the  LDL-cholesterol  rate  which  is  significantly 
correlated  with  total  cholesterol.  Recent  studies  have  shown  that  the  HDL  level  is  similar  in  populations 
with  a  very  different  lifestyle  and  dietary  habits  ;  this  has  as  a  consequence  that  it  probably  will  be 
very  difficult  to  modify  HDL  at  the  population  level. 

Diet  is  the  most  important  factor  to  influence  serum  cholesterol  level.  The  more  saturated  fat  you 
consume,  the  higher  your  serum  cholesterol  will  be.  This  has  been  demonstrated  by  many  studies  of  popula¬ 
tions  in  different  coutries.  Lowering  LDL  by  means  of  a  low  saturated  fat,  high  poly-unsaturated  fat  diet, 
will  result  in  a  higher  HD1/LDL  ratio.  This  ratio  is  probably  the  best  indication  of  the  risk  for  ischae¬ 
mic  heart  disease.  Studies  carried  out  in  our  country  have  demonstrated  a  very  significant  correlation 
between  butter  consumption,  serum  cholesterol  level  and  death  rate  in  the  population.  Moreover,  on  the 
basis  of  mortality  differentiation  between  types  of  blood  groups  and  between  the  language  communities 
(Dutch-speaking  and  French-speaking)  in  Belgium,  it  could  be  demonstrated  that  a  decrease  in  serum  choles¬ 
terol  level  of  Img #  would  already  result  in  a  decrease  of  approximately  1,000  MI  annually  in  Belgium. 

Saturated  fats  are  recognizable  in  that  they  are  solid  at  room  temperature  such  as  butter  and  marga¬ 
rines.  It  is  most  important  to  reduce  the  consumption  of  saturated  fats  and  to  replace  them  by  poly-unsa¬ 
turated  fats  such  as  corn, oil,  soya-been  oil  or  sun-flower  oil.  Olive  oil  and  peanut  oil  are  less  unsatu¬ 
rated  but  still  much  better  than  saturated  fat.  Researchers  found  that  risk  factors  for  chronic  disease 
can  be  identified  among  young  children  and  that  the  6erum  cholesterol  level  in  adults  is  mainly  influenced 
by  nutrition  during  early  years  of  life.  Ideally  primary  prevention  of  atherosclerosis  (in  reducing  fat 
intake)  has  to  start  from  birth  onwards  already.  In  annex  you  will  find  a  list  of  fat  products  to  be  avoi¬ 
ded  and  those  which  can  be  used  freely. 

BLOOD  PRESSURE 

Hypertension  (elevated  blood  pressure  levels),  that  is  a  mean  systolic  blood  pressure  (SBP)  of  more 
than  110  mmHg  and  a  diastolic  blood  pressure  (DBP)  of  more  than  90  mmHg,  also  increases  the  risk  for  coro¬ 
nary  insufficiency  and  for  cerebrovascular  disease.  Epidemiological  research  between  populations  led  to 
the  finding  that  blood  pressure  is  modifiable  by  habitual  salt  intake.  Low  salt  populations  show  a  low 
blood  pressure  and  it  does  not  rise  with  age.  Even  within  population  studies,  in  the  Far  East  as  well  as 
in  Western  countries,  revealed  a  positive  correlation  between  blood  pre6,iure  level  and  sodium  intake. 


9-2 


The  mean  daily  dietary  sodium  intake  is  estimated  at  10  to  12g,  whereas  an  intake  of  3r  of  sodium 
is  already  sufficient.  Virtually  all  processed  foods  are  heavily  salted.  One  of  the  most  important  sour¬ 
ces  of  salt  intake  in  the  Western  world  is  bread.  It  must  be  strongly  recommended  to  lower  the  salt  quan¬ 
tity  in  bread  from  approximately  12g  per  kg  to  approximately  3g/kg.  To  add  salt  in  cooking  and  to  use  it 
at  table  in  order  to  make  food  tasteful,  is  a  dangerous  misconception.  Salt  appetite  is  acquired  and  to 
palates  accustomed  since  infancy  to  saltiness,  the  absence  of  salt  is  at  first  distrer.sinr  but  it  only 
requires  determination  to  substitute  salt  by  herbs  and  reasonings  other  than  salt.  Individuals  accustomed 
to  a  salt  free  diet  may  have  no  desire  but,  on  the  contrary,  a  distinct  dislike  of  salt.  Mother.1  usually 
add  too  much  salt  to  the  food  of  their  children  because  they  rely  on  their  own  taste.  Well,  the  more  one 
eats  salt,  the  less  one  tastes  it. 

Salt  contained  naturally  in  foods  sufficiently  covers  the  actual  metabolic  requirements  for  sodium 
and  ik  high  salt  intake  is  contrary  to  physiological  needs.  As  a  matter  of  fact,  sodium  can  be  considered 
a  dangerous  additive  to  the  diet.  Evidence  is  '’ccumulating  pointing  to  a  blood  pressure  lowering  effect 
of  potassium,  but  still  needs  further  investigation. 

SMOKING 

Cigarette  smoking  is  considered  the  number  one  health  hazard?  It  very  much  increases  coronary  heart 
disease  mortality.  Particularly  in  Western  populations,  cigarette  smoking  is  the  more  dangerous  because 
it  accelerates  the  pathological  processes  already  generated  by  an  increased  cholesterol  level  in  the  vas¬ 
cular  tissues.  Smoking  10  cigarettes  a  day  from  the  age  of  twenty  onwards  has  been  shown  to  shorten  life 
expectancy  with  five  years  on  average.  This  reduced  life  expectancy  is  due  to  an  increase  of  lung  cancer 
mortality  and  especially  to  an  increase  of  heart  disease  mortality.  Somone  smoking  more  than  forty  ciga¬ 
rettes  a  day  from  the  age  of  twenty  onwards,  shortens  his  life  expectancy  with  about  6.5  years. 

It  is  clear  that  someone  already  suffering  from  a  coronary  heart  disorder  is  even  more  susceptible 
to  the  adverse  effect  of  cigarette  smoking.  Subjects  with  a  MI  continuing  cigarette  smoking  have  a  lower 
life  expectancy  than  those  who  quit.  To  quit  smoking  at  once  is  the  only  thing  to  do  for  smokers  to  pro¬ 
tect  their  health  and  prolong  their  lives.  Attempts  to  gradually  decrease  smoking  usually  fail.  Smokers 
cough  and  cough  sputum  very  easily  disappear  after  one  stopped  smoking. 

Cigarette  smoking  also  accelerates  the  ageing  process  of  the  skin,  particularly  of  the  face.  After 
quitting,  an  inclination  exists  to  gain  weight.  This  can  be  prevented  by  simple  dietary  measures.  Pipe  or 
cigar  smoking  is  far  less  dangerous  to  health  as  long  as  one  does  not  inhale.  In  general,  it  should  be 
kept  in  mind  that  every  minute  one  smokes  a  cigarette  one  also  shortnes  his  life  with  one  minute  and  smo¬ 
king  n  cigarette  takes  at  least  five  minutes... 

OBESITY 

High  body  weight  is  invariably  coupled  with  enhanced  risk  for  coronary  heart  disease  and  hypertension. 
The  ideal  weight  for  a  man  is  lower  than  we  used  to  think.  It  amounts  to  0.96kg  for  each  cm  above  the  one 
meter  line.  This  optimal  weight  score  is  even  lower  for  women.  The  only  harmless  remedy  to  lose  weight  is 
to  eat  less.  Most  people  who  are  overweight  think  they  do  not  eat  much  but  after  close  #xaminotion  things 
turn  out  differently.  If  you  say  that  you  could  still  eat  more  this  does  not  necessarily  mean  that  you 
did  not  eat  enough  already. 

One  of  the  main  causes  of  obesity  is  chronic  alcoholism  which  often  gives  rise  to  heavy  social  dif¬ 
ficulties.  Daily  consumption  of  more  than  3  beers  or  3  glasses  of  wine  or  3  doses  of  spirits,  is  conside¬ 
red  too  high.  Chronic  alcoholism  also  results  in  psychological  distress  and  causes  an  enhanced  risk  of 
severe  liver  disease.  One  has  to  fight  chronic  alcoholism  with  all  possible  means,  this  is  a  social  task 
for  all  of  us.  A  limited  alcohol  intake  -within  the  above  mentioned  limits-  is  not  linked  to  harmful  side 
effects. 

LIFESTYLE 

Modern  life  is  often  very  hectic.  Economic  stress,  tensions,  noise,  pace  of  life,  social  competi¬ 
tion,  extra  responsibility  make  life  very  strenuous.  Very  often  we  we  get  frustrated  not  to  be  able  to 
realize  our  objectives  because  of  too  much  competitior  t  of  us  lack  leisure  time  and  physical  acti¬ 
vity.  Relief  from  everyday  strains  restores  the  jc"  of  eg.  Get  away  from  your  routine  work  and  do 

somethink  you  enjoy.  A  weekly  walk  of  5  to  10  kr  a  <:  e  ride  of  ^0  to  50  km  is  highly  recommendable. 
Take  time  to  relax  and  exercise  regularly.  Be  r-  .  u  .*  ,  how  r,  not  to  put  too  much  stress  on  physical  ex¬ 
ercising  exclusively,  especially  if  you  did  not  xeicise  regularly  before.  Population  groups  achieving 
regularly  laborous  work  show  ischaemic  heart  diseases  if  their  diet  contains  much  saturated  fat. 

GENETIC  FACTORS 

Heredith  plays  an  important  role  in  the  genesis  of  both  hypertension  and  ischaemic  heart  disease. 

V.e  r-hould  be  careful,  however,  not  to  overemphasise  the  susceptibility  to  degenerative  dire;* pcs  under 
genetic  influences.  Not  everyone  who  smokes  will  get  lung  cancer.  V.hat  is  e.g.  the  significance  of  gene¬ 
tic  predisposi tion  to  develop  lunr  cancer  by  cigarette  rno/.ir.g  if  one  does  not  smoke  V  The  same  holds 
true  for  someone  who  doer  not  use  salt  and  very  little  turn  tod  fat,  here  again,  genetic  predisposi  ti  on 
is  of  minor  importance. 

Thus,  the  alert  individual  can  do  very  much  (more  than  the  doctor)  to  protect  himself  from  getting 
these  heart  disorders.  Knowing  this  gives  us  the  incentive  to  be  less  f-  talistic  -  nd  to  take  better  care 
of  ourselves.  The  key  to  a  long  and  Loppy  life  is  to  use  rr  little  saturated  fat  as  possible,  as  little 
salt  and  refined  sugar  as  possible  -*nd  not  to  smoke.  Ex  err.  in*-  regularly  in  order  to  stay  (or  become)  fit 
and  enjoy  your  leisure  time. 
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Epidemiological  research  demonstrated  that  in  many  people  one  or  more  of  the  higher  mentioned  risk 
factors  are  present,  yet,  these  people  are  not  aware  of  their  presence.  The  above  recommendations  are  the 
more  important  for  people  with  a  higher  risk  of  getting  cardiovascular  diseases  due  to  the  presence  of 
one  or  more  risk  factors.  We  should  realize  that  a  longer  life  is  chiefly  up  to  us. 

TO  BE  AVOIDED  : 


Fat  :  mutton  fat,  cooking  fat,  saturated  margarines. 

!  all  kinds  of  eggs. 

Milkproducts  :  all  kinds  of  cheese,  cream,  ice  cream,  whipped  cream,  yoghourt,  whole  milk. 

Meat  :  beef,  pork,  mutton,  veal,  bacon,  sausages,  minced  meat. 

Lean  meat  still  contains  20%  fat.  It  is  therefore  strongly  recommended  only  to  eat  100  g  of 
meat  per  day,  4  times  a  week. 

Oxo-cubes,  canned  soup  (virtually  all  foods  processed  for  the  general  market,  except  fruit 
and  juices,  are  heavily  salted). 

Specialties  :  Chinese  food  (bami-goreng,  nasi-goreng)  in  cans  or  deep  frozen. 

Pastry  :  cakes  and  buns,  tarts. 

Bread  :  wholemeal  bread. 

Chocolate  :  all  kinds,  chocolates,  chocospread. 

Delicacies  :  crisps,  peanuts,  marzipan,  coconuts  and  coconut  oil. 


RECOMMENDED  FOODS 


All  kinds  of  vegetables  and  fruit,  all  kinds  of  fish  (unsalted),  skimmed  mi  < eventually  with  corn 
oil  for  the  preparation  of  rice,  custard  etc.),  low  fat  yoghourt,  corn-oil,  sunflower  oil,  soya-bean  oil, 
unsaturated  margarines,  cocoa-powder  for  preparation  with  skimmed  milk,  nuts  (except  cocnuts  and  peanuts), 
bread,  potatoes,  rice  ;  all  herbs  and  seasonings  (without  added  salt)  are  allowed  as  well  as  vinegar, 
lemon,  saltless  mustard,  honey  and  jam. 
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CARDIOVASCULAR  PROBLEMS  DURING  THE  PILOTS  CAREER 
by 

Air  Vice  Marshal  J  K  C  COOKE 
Dean  of  Air  Force  Medicine 
Royal  Air  Force  Hospital 
Halton,  Bucks  HP22  5PS 
United  Kingdom 


Introduction 

In  a  population  which  is  highly  selected  at  entry  and  which  is  generally  composed  of  the  younger  age 
groups  in  our  Air  Ebrces  the  pattern  of  cardiovascular  problems  tends  to  depart  from  that  of  the  general 
population.  In  particular  congenital  heart  disease,  valvular  disease,  and  hypertensive  heart  disease 
consequent  upon  chronic  renal  disease  are  comparatively  rare.  The  effects  of  repeated  regular  physical 
and  ECG  examinations  of  aircrew  also  tend  to  produce  special  problems  of  the  elucidation  of  presymptomat ic 
cardiovascular  disease  rather  than  the  management  of  symptomatic  patients  and  it  is  this  special  exper¬ 
ience  of  Air  Ebroe  medical  officers  which  comprises  much  of  the  substance  of  this  advanced  operational 
aviation  medicine  course. 

Out  of  the  very  large  field  of  possible  subjects  in  cardiology  I  have  chosen  to  discuss  in  this 
context  the  following  subjects 

Essential  Hypertension 
Ischaemic  Heart  Disease 
Arrhythmias 

Myocarditis  including  SarcoidosiB 


Essential  Hypertension 

The  initial  problem  is  one  of  definition.  Pickering^ ^ has  Btated  that  no  clear  cut  levelB  of  blood 
pressure  separate  health  from  disease  and  that  even  within  any  given  "normal"  range  of  blood  pressures 
those  in  the  lower  range  will  tend  to  have  a  better  life  expectancy  than  thoBe  in  the  higher  range.  R>r 
practical  purposes  however  we  need  a  sensible  compromise  and  in  recent  years  there  have  been  two  report  8 
(2,  3)  on  the  cardiovascular  health  of  airline  pilots  which  agreed  on  the  following  table  of  blood 
pressure  ranges  related  to  age  which  have  been  accepted  with  slight  modification  by  the  Royal  Air  Force 
as  guidelines  for  the  assessment  of  blood  pressure. 


Table 

Age 

Unadjusted 

Adjusted 

20-29 

140/90 

_ 

30-39 

145/90 

155/95 

40-59 

155/95 

I65/1OO 

These  levels  should  be  compared  to  the  average  of  repeated  'casual'  measurements  of  blood  pressure  in 
an  individual  pilot  without  any  attempt  to  obtain  a  'basal'  blood  pressure  level  by  prolonged  rest  or 
sedation.  In  cases  of  doubt  we  advise  repeated  examination  by  more  than  one  examiner  and  we  find  the 
use  of  a  "random  zero"  sphygmomanometer  or  an  automatic  cuff  blood  pressure  recorder  extremely  useful. 
He  now  use  the  5ih  phase  of  the  Korotkoff  sounds  as  routine  for  the  diastolic  level,  recording  the  4th 
phase  when  there  is  no  clear  cut  off  point  for  the  5th  phase. 

The  reference  in  the  Table  to  "adjusted"  levels  refers  to  the  levels  which  may  be  accepted  after  a 
completely  negative  investigation  of  the  pilot.  Our  praotice  is  to  investigate  each  case  where  blood 
pressure  exceeds  the  unadjusted  levels  with  particular  reference  to  other  risk  factors  for  ischaemic 
heart  disease  (IHD)  and  for  evidence  of  target  organ  damage.  This  will  include  full  blood  and  urine 
biochemistry,  retinal  examination,  cheBt  X-ray  and  ECG  examination.  IV  urography  iB  now  not  routine 
unless  other  factors  indicate  the  need  for  it.  Our  experience  has  shown  that  less  than  2%  of  symptom- 
less  hypertensives  show  any  abnormality  on  this  exam  and  in  most  cases  the  abnormality  is  not  likely  to 
be  causal. 

Management  of  Hypertension 

Where,  as  rarely  happens,  a  causal  condition  is  found  at  investigation  loss  of  flying  category  is 
automatic  except  in  the  even  rarer  cases  where  the  cause  and  the  blood  pressure  can  be  permanently 
corrected.  In  the  vast  majority  of  pilots  the  problem  of  management  remains  the  dilemma  of  whether  or 
not  treatment  should  be  instituted.  This  dilemma  is  illustrated  by  the  consideration  of  the  prognostic 
danger  to  the  individual  by  withholding  treatment  as  opposed  to  the  potential  loss  of  oareer  and  loss 
of  money  to  the  nation  if  he  is  put  on  treatment  (4).  In  contrast  to  practice  in  the  case  of  civil 
professional  pilots  the  decision  is  further  made  difficult  by  the  lack  of  aircrew  roles  available  to 
those  with  any  restriction  of  flying  category.  Our  present  polioy  oan  be  summarised  as  follows: 

(1)  He  grant  a  reasonable  period  of  time  for  mild  oases  to  be  reviewed  while  they  oorrect  risk 

factors  by  losing  weight  or  stopping  smoking,  and  generally  improving  physioal  fitness. 

(2)  If  their  levels  fall  they  continue  without  treatment  but  under  increased  surveillance. 

(3)  Where  the  BP  readings  continue  consistently  above  the  'adjusted'  levels  the  overall  risk  iB 

assesssd  to  decide  whether  treatment  is  indicated. 
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(4)  Diuretic  therapy  ie  still  used  as  an  initial  treatment.  Where  complete  evaluation  idiile  <m 
treatment  shows  an  excellent  uncomplicated  response  a  few  pilots  may  continue  flying  without 
restriction  depending  on  their  age  and  role.  The  majority  will  be  restricted.  Career  decision 
are  discussed  between  the  medical  and  air  operations  staff. 

(5)  The  use  of  betablockade  as  an  alternative  or  additional  treatment  is  under  urgent  review  and 
research.  Other  hypotensive  agents  are  not  expected  to  be  considered  for  military  pilots. 

Betablockade  has  in  recent  years  been  increasingly  used  as  a  first  line  hypotensive  drug  in  civilian 
practice.  4s  with  other  possible  agents  its  use  in  aircrew  would  depend  upon  satisfactory  elimination 
of  the  likelihood  of  its  producing  either  or  both  orthostatic  effects  under  accelerations  or  central 
effects  on  human  performance.  Work  on  these  aspects  is  proceeding  in  a  number  of  countries.  So  far 
Claister  (5)  has  reported  no  significant  orthostatic  effect  in  the  human  centrifuge.  Hicholson  (6)  las 
shown  that  the  newer  betablocking  drugs  such  as  acebutolol  and  atenolol  appear  to  have  minimal  central 
effects  in  animals  whereas  Propanolol  is  liable  to  effect  reaotion,  time  and  accuracy.  Work  on  human 
subjects  is  continuing. 

Ischaemic  Heart  Disease 

Only  a  short  review  of  this  vast  subject  is  possible  in  this  paper.  Comparison  of  the  incidence  of 
I HD  between  civil  professional  pilots  and  the  Framingham  population  suggests  that  selection  and  regular 
physical  examination  produce  reduced  rates  in  aircrew  and  there  are  hopeful  reportB  that  the  overall 
incidence  and  mortality  in  high  risk  populations  is  declining  as  the  education  of  the  public  on  the 
avoidance  of  the  established  risk  factors  takes  effect.  As  regards  aircrew  the  main  problem  is  that  of 
presymptomatic  diagnosis.  Symptomatic  cases  in  military  aircrew  will  Burely  continue  to  be  made  unfit 
despite  the  apparent  continuing  liberalisation  of  attitudes  by  civilian  licensing  authorities. 

The  main  source  of  case  material  remains  the  abnormal  ECG  which  is  the  subject  of  other  papers  in 
this  course.  At  the  present  time  all  pilots  in  the  RAF  have  an  annual  resting  BCG  and  exercise  stresB 
testing  is  not  routine,  but  reserved  for  the  further  evaluation  of  doubtful  cases.  We  use  treadmill 
exercise  in  preference  to  a  bicycle  egometer  and  the  Masters  test  is  only  uBed  as  a  preliminary  screen  » 
some  cases.  We  tend  to  interpret  ST  changes  as  abnormal  fairly  Btrictly  by  the  criteria  of  the  Bruce 
protocol  but  we  have  of  course  always  got  the  borderline  problems.  We  have  been  very  interested 
recently  in  the  effects  of  catecholamines  released  by  anxiety  on  the  ST  Begment  which  have  been  reported 
Dy  Taggart.  He  feels  that  these  false  positives  produced  in  resting  and  exercise  BCGs  can  be  shown  to 
be  normal  by  repeating  the  tests  after  a  small  dose  of  a  betablockading  agent.  We  hope  this  will  result 
in  a  reduction  of  our  cases  with  abnormal  BCGs  subsequently  shown  to  have  normal  angiography. 

Our  present  policy  for  the  investigation  of  cases  with  abnormal  resting  ECG  iB  as  follows t- 

(1)  Treadmill  exercise  with  Bruce  protocol. 

If  negative  -  surveillance. 

If  positive  proceed  to  (2). 

(2)  Temporary  grounding.  Assessment  of  risk  factors.  Repeat  exercise  tracing  with  betablockade 
followed  by  Echocardiography.  If  negative  -  close  surveillance.  If  positive  proceed  to  (}). 

(j)  Coronary  Angiography  and  Ventriculography  and  Isotope  Cardioperfusion  studies. 

In  general  terms  any  significant  degree  of  coronary  stenosis  proven  by  these  data  will  make  the  pilot 
unfit  for  military  flying.  The  definition  of  significance  is  variable  according  to  the  vessel  involved 
but  we  find  it  difficult  to  accept  the  whole  Bethesda  (3)  recommendations  as  applicable  for  military 
pilots.  The  incidence  of  positive  angiograms  is  in  fact  very  low  and  does  not  accord  with  the  observed 
incidence  of  significant  coronary  narrowing  in  all  aircrew  autopsies  described  by  Mason  (7).  We  have 
had  no  certain  fatal  accident  cauBed  by  a  cardiac  incapacitation  in  flight  in  the  RAF  but  the  velocity 
of  military  aircraft  accident  impact  often  produces  destruction  of  the  heart  and  the  data  cannot  be 
complete.  Meantime  we  have  Been  a  number  of  cases  where  the  cause  of  the  accident  has  been  known  to  be 
unrelated  to  medical  causes  but  where  autopBy  has  shown  gross  coronary  artery  disease  so  that  the 
difficulty  of  certain  proof  of  cardiac  incapacity  in  an  unexplained  fatal  aircraft  accident  remains. 

Arrhythmias 

The  arguement  as  to  the  prognostic  significance  of  ectopic  beats  in  symptomless  individuals 
continues.  The  situation  has  almost  been  made  worse  by  the  data  produced  by  24  hour  monitoring  of 
large  numbers  of  asymptomatic  individuals.  Minor  arrhythmias  are  now  known  to  be  very  common,  partic¬ 
ularly  during  Bleep.  Once  again  we  take  the  pragmatic  view  that  an  occasional  finding  of  ectopic  beats 
is  likely  to  be  of  no  significance.  This  particularly  applies  to  supraventricular  ectopic  beats. 
Frequent  ventricular  ectopic  beats  (VEBs)  are  further  investigated.  We  tend  to  use  both  24  hour 
monitoring  and  the  effect  of  a  maximal  exercise  stress  test.  If  these  do  not  show  any  further  dys- 
rhythmic  tendency  we  do  not  disqualify  the  pilot.  Ventricular  tachyoardia,  even  in  Bhort  bursts,  we 
regard  as  virtually  disqualifying  even  if  full  investigation  proves  no  oertain  aetiology. 

Supraventricular  tachycardia  (SVT)  and  atrial  fibrillation  (AF),  the  latter  usually  paroxysmal, 
seem  to  be  on  the  increase  in  the  general  population  and  there  have  been  suggestions  that  AF  may  often 
be  related  to  excessive  alcohol  consumption.  We  investigate  to  eliminate  that  possibility  as  well  as 
the  more  usual  causes  such  ae  hyperthyroidism.  Occasional  senior  pilots  with  no  loss  of  effort 
tolerance  have  been  given  very  restricted  flying  categories  with  established  AF  but  the  tendency  is  to 
disqualify  the  younger  man  with  AF  or  SVT  unless  there  is  prolonged  remission  after  full  investigation 
and  treatment.  Occasionally  we  find  a  case  of  Wolff  Parkinson  White  syndrome  in  this  group  whoee  ECG 
pattern  was  Intermittently  normal  and  so  missed  at  initial  examination. 


10-3 


Myocarditis 

We  have  been  interested  in  this  aspect  of  cardiology  since  Stevens  and  Underwood  Ground  (8)  described 
the  finding  as  incidental  in  a  number  of  hearts  of  pilots  at  autopsy.  More  recently  Rainford  and  Lews 
reported  the  association  of  ECO  changes  with  myalgia  occurring  in  patients  suffering  from  viral  and 
myooplasma  infections.  They  noted  that  the  ECO  changes  could  closely  mimio  I HD  or  septal  cardiac 
infarction  and  advised  that  suoh  BCG  changes  in  a  synptomless  individual  should  be  the  cause  of  inquiry 
into  their  previous  history  for  a  recent  pyr axial  illness  marked  by  muscle  pains.  In  all  their  cases 
where  such  changes  were  found  a  history  of  severe  nyalgia  was  invariable.  We  now  include  such  inquiries 
in  our  investigation  of  abnormal  ECO  patterns.  The  persistence  of  BCG  changes  for  up  to  12  months  after 
such  an  infection  can  be  very  worrying  to  both  the  pilot  and  hiB  medical  advisers. 

The  association  of  Boeck's  Sarcoidosis  ss  a  cause  of  potential  aeromedioal  risk  of  inoapacitation 
has  been  the  subject  of  increasing  risk  in  recent  years.  Fleming  reported  an  apparent  high  incidence 
of  nqrocardial  involvement  in  Sarcoidosis  of  perhaps  15$  of  all  cases.  Evidences  of  involvement  may 
present  as  conduction  disturbances  or  arrhythmias ,  or  the  ECG  may  again  mimic  patterns  of  iqyocardial 
infarction.  The  presentation  may  be  as  sudden  death.  The  disturbing  aspects  are  the  faot  that  a  mild 
asymptomatic  form  of  the  disease  detectable  only  by  chest  X-ray  abnormalities  does  not  preclude  the 
possibility  of  cardiac  involvement  and  that  the  elapse  of  time  even  of  years  after  the  original  diagnosis 
does  not  eliminate  the  possibility  of  sudden  death  from  this  oauBe.  Pettyjohn  et  al  (10)  commented  upon 
the  threat  to  air  safety  comprised  by  a  history  of  this  disease.  Arguement  still  continues  as  to  whether 
the  risk  can  be  excluded  by  rigorous  cardiac  testing  or  whether  a  hiBtory  of  sarcoidosis  should  be  totally 
disqualifying.  The  situation  is  being  reviewed  by  several  Air  Forces. 
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DISPOSITION  OF  ELECTROCARDIOGRAPHIC  ABNORMALITIES  IN  AVIATORS 


James  R.  Hickman,  Jr.,  Col,  USAF,  MC,  SFS 
USAF  School  of  Aerospace  Medicine 
Brooks  AFB ,  Texas  78235 


INTRODUCTION 


The  diagnostic  criteria  for  specific  findings  in  electrocardiography  have  tradition¬ 
ally  been  based  on  a  symptomatic  or  hospitalized  population.  The  present  criteria  for 
disposition  of  electrocardiographic  abnormalities  in  United  States  Air  Force  aviators  are 
based  upon  findings  within  the  flying  population  and  observation  of  the  natural  history  of 
specific  electrocardiographic  findings.  It  must  be  remembered  that  electrocardiography  is 
not  an  exact  science.  The  electrocardiogram  is  a  laboratory  test  requiring  a  history, 
physical  examination,  and  other  laboratory  tests  for  interpretation. 

This  paper  will  be  devoted  to  a  discussion  of  serial  ST  and  T  wave  changes,  ectopic 
atrial  and  ventricular  beats,  ventricular  tachycardia,  supraventricular  tachycardia,  con¬ 
duction  abnormalities  such  as  right  and  left  bundle  branch  block.  Wolf f-Parkinson-White 
electrocardiographic  finding,  sinus  bradycardia,  and  sinus  pauses.  The  current  aeromedi- 
cal  dispositions  for  these  abnormalities  will  be  discussed.  The  disposition  of  certain 
aeromedical  abnormalities  will  remain  flexible  and  continue  to  evolve  as  more  experience 
is  gained  in  dealing  with  healthy  aviators. 

PREVALENCE  OF  ELECTROCARDIOGRAPHIC  ABNORMALITIES 

All  aviators  receive  an  initial  electrocardiogram  (ECG)  upon  entry  into  flying  duties 
and  annually  thereafter  beginning  at  age  35.  An  analysis  of  all  initial  ECGs  performed  in 
the  U.S.  flying  population  reveals  that  82.6%  of  the  ECGs  are  normal.  Ten  percent  of  these 
normals  are  labeled  as  normal  variants.  Of  all  initial  ECGs,  17.4%  are  abnormal.  A  normal 
variant  is  a  finding  which  is  sufficiently  common  in  normal  individuals  that  it  is  usually 
not  associated  with  underlying  organic  heart  disease,  incapacitating  events,  or  a  shortened 
life  span.  No  waivers  are  required  for  normal  variants,  but  extensive  workups  may  occa¬ 
sionally  be  required  to  clarify  their  significance.  For  example,  ventricular  premature 
beats  are  common  examples  of  a  normal  variant  which  may  also  represent  heart  disease.  One 
may  define  a  normal  variant  in  one  of  two  ways.  The  first  definition  may  be  based  upon 
prevalence,  or  one  may  choose  to  use  a  second  criterion  which  is  the  state  of  health  of 
the  individual.  A  normal  ECG,  when  defined  in  terms  of  prevalence,  means  that  it  agrees 
with  the  commonly  established  types  of  ECGs.  The  prevalence  definition  of  abnormal  simply 
means  that  it  is  contrary  to  the  usually  observed  type  of  ECG.  A  normal  ECG,  when  defined 
in  terms  of  the  state  of  health  of  the  individual,  means  that  the  individual  is  "healthy". 
Conversely,  an  abnormal  ECG  means  that  the  individual  is  "not  healthy".  Obviously,  to 
judge  an  ECG  from  the  state  of  health  requires  more  information  than  one  usually  has  accom¬ 
panying  the  electrocardiographic  tracing.  A  normal  variant,  when  defined  from  the  state 
of  health,  usually  means  that  an  atypical  electrocardiographic  feature  is  present,  or  that 
the  electrocardiographic  findings  exceed  criteria  for  abnorma’ity  in  a  person  known  not  to 
have  the  disease  suggested  by  the  criteria.  A  normal  variant,  defined  from  the  standpoint 
of  prevalence,  usually  means  that  the  ECG  falls  outside  the  established  limits  of  normal, 
but  does  not  reveal  a  significantly  greater  prevalence  of  disease  than  in  otherwise  healthy 
individuals.  Diagnostic  criteria  based  upon  prevalence  are  preferable  in  an  asymptomatic 
population.  In  an  asymptomatic  population,  especially  a  population  of  healthy  aviators, 
an  abnormal  tracing  must  be  considered  the  tracing  of  an  individual  at  increased  risk.  A 
waiver  is  required  for  all  abnormal  ECGs,  and  in  the  United  States  Air  Force  (USAF)  only 
the  Surgeon  General  of  the  Air  Force  can  grant  this  waiver.  Continuation  of  this  waiver 
is  contingent  upon  periodic  reevaluation  at  the  United  States  Air  Force  School  of  Aero¬ 
space  Medicine  (USAFSAM) . 


THE  SIGNIFICANCE  OF  AN  ABNORMAL  TRACING 

An  abnormal  tracing  in  a  population  of  healthy  aviators  usually  means  that  a  poten¬ 
tially  serious  condition  would  have  been  overlooked  had  it  not  been  for  the  annual  ECG. 
Further,  the  majority  of  the  abnormalities  potentially  represent  a  threat  to  flying  safety. 
Many  of  the  abnormal  findings  when  viewed  alone  would  have  been  considered  nonspecific, 
but  when  compared  to  the  previous  ECGs  on  file  represent  a  significant  serial  change.  The 
USAF  Central  ECG  Library  at  USAFSAM  is  serial  change  oriented,  and  herein  lies  the  strength 
of  the  centralized  library  approach.  The  scalar  ECG  remains  as  the  basic  tool  in  the  early 
detection  of  coronary  artery  disease,  cardiomyopathy  and  arrhythmias. 

SPECIFIC  ELECTROCARDIOGRAPHIC  FINDINGS  BY  AGE 

Approximately  30%  of  aviators  aged  50  years  or  over  in  the  USAF  have  an  abnormal  ECG. 
The  most  common  abnormality  seen  is  that  of  repolarization  changes,  largely  ST  and  T  wave 
changes.  The  prevalence  on  the  initial  ECG  is  lowest  in  the  30  to  34  year  age  group.  This 
is  the  age  before  which  coronary  artery  disease,  hypertension,  cardiomegaly ,  and  cardiomy¬ 
opathy  begin  to  appear.  It  is  also  the  age  after  which  most  conduction  disturbances,  con¬ 
genital  heart  disease,  and  other  abnormalities  have  been  screened  out.  After  an  initial 
normal  ECG,  low  amplitude  T  waves  remain  rather  static  over  time,  while  nonspecific  T  wave 
changes  continue  to  increase  to  a  maximum  of  320  cases  per  1,000  at  age  50  to  54.  Repolari¬ 
zation  abnormalities,  consisting  of  ST  segment  changes,  have  a  strong  correlation  with  age, 
and  are  present  in  280  out  of  every  1,00 0  aviators  by  age  40.  Serial  repolarization  changes 
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on  a  resting  ECG  increase  the  predictive  value  of  the  treadmill  two-fold.  ST  changes  are 
most  meaningful  when  they  occur  in  a  serial  manner. 

EVALUATION  OF  REPOLARIZATION  CHANGES 

Serial  repolarization  changes  require  a  repeat  fasting  12-lead  ECG  and  a  maximal 
treadmill  exercise  test.  Each  aviator  with  serial  repolarization  changes  should  also 
receive  a  thorough  risk  factor  analysis.  Positive  treadmill  exercise  tests  should 
receive  thallium  scans,  but  thallium  has  not  yet  replaced  cardiac  catheterization  in 
the  USAF  aeromedical  evaluation  service. 

PREMATURE  BEATS 

A  study  of  premature  beats  on  the  initial  ECG  reveals  that  ventricular  premature  beats 
are  much  more  common  in  the  older  age  group.  While  the  great  majority  of  premature  ven¬ 
tricular  and  premature  atrial  beats  occur  in  those  without  heart  disease,  the  steady  rise 
in  ectopic  beats  with  age  parallels  the  increased  prevalence  of  hypertension,  coronary  dis¬ 
ease,  and  cardiomyopathy.  After  an  initial  normal  ECG,  the  prevalence  of  supraventricular 
premature  beats  remains  rather  constant,  while  ventricular  premature  beats  continue  to  rise, 
reaching  a  maximum  of  260  per  1,000  at  age  40.  Premature  atrial  contractions  are  important 
because  they  represent  the  substrate  upon  which  atrial  tachycardia,  atrial  flutter,  and 
atrial  fibrillation  occur.  Just  as  it  is  often  difficult  to  know  the  true  significance  of 
atrial  premature  beats,  ventricular  premature  beats  may  occur  with  great  frequency  in  both 
healthy  persons  and  in  those  with  heart  disease.  While  ventricular  premature  beats  are 
frequently  seen  in  healthy  individuals,  they  may  also  occur  as  harbingers  of  organic  heart 
disease,  including  cardiomyopathy,  hypertension,  metabolic  disturbances,  and  coronary  artery 
disease.  The  presence  of  new  atrial  or  ventricular  premature  beats  as  a  serial  change  on  an 
ECG  requires  a  Holter  monitor.  A  tracing  of  at  least  12  hours  in  length  will  net  over  75* 
of  the  serious  arrhythmias . 

We  are  well  aware  that  arrhythmias  which  may  not  be  present  in  the  resting  state  may 
be  produced  by  increasing  sympathetic  tone,  by  increasing  myocardial  oxygen  demand,  or  a 
combination  of  both  factors.  However,  whether  an  exercise-induced  arrhythmia  represents 
an  independent  predictor  of  coronary  artery  disease  is  unclear.  In  particular,  we  have 
been  concerned  at  USAFSAM  as  to  whether  or  not  the  presence  of  ventricular  premature  beats 
during  exercise  testing  represents  a  significant  marker  for  coronary  artery  disease. 

We  studied  51  asymptomatic  men  (Group  I)  with  abnormal  exercise  tests  and  at  least  a 
single  vessel  diseased  at  the  50%  level  on  coronary  angiography. (1) 

TABLE  1 

GROUP  I 

1.  51  asymptomatic  subjects 

2.  Mean  age  45  ±5.8  years 

3.  No  resting  ventricular  arrhythmia 

4.  "Positive"  exercise  tests 

5.  At  least  one  vessel  with  >  50*  lesion 


We  then  constructed  an  age-matched  control  group  of  asymptomatic  subjects  (Group  II)  who 
also  had  positive  exercise  tests,  but  no  angiographic  coronary  artery  disease. 

TABLE  2 

GROUP  II 


1.  51  age-matched  asymptomatic  subjects 

2.  "Positive"  exercise  tests 

3.  No  asymptomatic  CAD 


We  then  constructed  a  third  control  group  of  age-matched  asymptomatic  subjects  with  normal 
exercise  tests,  normal  noninvasive  cardiovascular  evaluations,  and  low  risk  cardiovascular 
profiles  (Group  III). 


TABLE  3 
GROUP  III 

1.  51  age-matched  asymptomatic  subjects 

2.  Normal  exercise  test 

3. 


4. 


Low  risk  cardiovascular  profiles 
Normal  noninvasive  studies 
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The  exercise  test  of  each  subject  within  these  groups  was  thoroughly  analyzed  for  a  number 
of  characteristics  as  well  as  the  presence  or  absence  of  ventricular  premature  beats  (VPBs) . 

TABLE  4 

ARRHYTHMIA  CHARACTERISTICS  EVALUATED 

1.  Presence  of  any  ventricular  arrhythmia 

2.  Complex  arrhythmia 


A. 

>5  VPBs  per 

minute 

B. 

Bigeminy,  trigeminy 

C. 

Paired  VPBs 

D. 

Multiformed 

VPBs 

3.  Pattern  of  onset 

4.  Ventricle  of  origin 

5.  Peak  heart  rate 

6.  Duration  of  exercise 


Forty-three  percent  of  Group  I  demonstrated  a  ventricular  arrhythmia.  The  frequency  of 
ventricular  arrhythmias  in  Groups  I  and  II  was  35%  and  49%  respectively.  The  figures  did 
not  reveal  a  statistically  significant  difference  among  the  groups  for  prevalence  of  ven¬ 
tricular  arrhythmias. 

TABLE  5 

FREQUENCY  OF  VENTRICULAR  ARRHYTHMIAS 


GROUP 

PREVALENCE 

COMPLEX 

RBBB* 

CONFIGURATION 

PEAK 

EXERCII 

I  ( n=  5 1 ) 

22 

6 

9 

15 

II  <n=51) 

18 

4 

7 

13 

III  (n=51) 

25 

8 

3 

22 

P  Value 

NS 

NS 

<  .025 

NS 

*RBBB  -  Right  Bundle  Branch  Block 


These  data  compare  closely  with  those  of  exercise-induced  arrhythmias  in  healthy  popula¬ 
tions.  These  figures  underscore  the  observation  that  exercise-induced  ventricular  arrhyth¬ 
mias  are  very  common  at  or  near  maximal  exercise  in  patients  without  clinical  evidence  of 
heart  disease.  When  complexity  of  the  arrhythmia  was  analyzed  as  a  possible  discriminant, 
no  difference  was  noted.  A  complex  arrhythmia  was  noted  in  27,  22,  and  32%  respectively, 
differences  which  are  not  significant.  The  only  finding  of  statistical  significance  was 
that  of  configuration  of  the  ventricular  premature  beats. 

TABLE  6 

CONFIGURATION  OF  INDIVIDUAL  VPBs 


SUBJECTS 

WITH  VPBs 

RBBB 

CONFIGURATION 

LBBB* 

CONFIGURATION 

MULTIFORMED 

INDETERMINANT 

I 

(n=22) 

9 

9 

1 

5 

II 

(n=18) 

7 

6 

2 

3 

III 

(n=25) 

3 

17 

2 

3 

*LBBB  - 

Left  Bundle 

Branch  Block 
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Although  an  analysis  of  the  configuration  of  ventricular  premature  beats  did  not  separate 
those  with  angiographic  disease  from  those  without,  both  groups  with  positive  exercise 
tests  demonstrated  a  predilection  for  a  RBBB  pattern,  implying  origin  in  the  left  ven¬ 
tricle.  An  apparent  left  ventricular  origin  was  seen  in  41%  and  39%  of  the  group  with 
positive  exercise  tests.  However,  a  left  ventricular  origin  was  noted  in  only  12%  of 
those  with  negative  exercise  tests. 

TABLE  7 

FREQUENCY  OF  RBBB  CONFIGURATION 


SUBJECTS 

WITH  VPBs 

RBBB  CONFIGURATION 

I 

(n=22) 

9 

(41%) 

II 

(n=18 ) 

7 

(39%) 

III 

(n=25) 

3 

(12%) 

A  widespread  belief  has  existed  that  ventricular  premature  beats  of  a  right  ventricular 
origin  have  more  benign  implications  than  those  originating  from  the  left  ventricle.  This 
is  consistent  with  the  observation  that  the  majority  of  ventricular  premature  complexes  in 
persons  with  normal  hearts  originate  in  the  right  ventricle.  Studies  from  the  coronary 
drug  project  revealed  a  significant  relationship  between  left-sided  ventricular  premature 
beats  and  decreased  survival  rates.  In  this  USAFSAM  study,  left  ventricular  premature 
beats,  which  are  generally  regarded  as  most  likely  to  occur  in  the  presence  of  a  diseased 
left  ventricle,  were  equally  frequent  in  those  with  positive  exercise  tests,  with  or  with¬ 
out  coronary  artery  disease.  If  the  left  ventricular  origin  of  ventricular  premature 
beats  is  to  be  viewed  as  a  marker  for  disease,  perhaps  the  term  “false  positive  exercise 
test”  must  be  reassessed.  We  are  all  well  aware  that  a  positive  exercise  test,  in  and  of 
itself,  is  a  potent  risk  factor.  However,  in  our  USAFSAM  population,  the  prevalence,  com¬ 
plexity  and  time  of  occurrence  of  ventricular  premature  beats  are  not  strong  indicators 
of  coronary  disease  in  an  asymptomatic  population.  Further,  a  RBBB  pattern  (implying  left 
ventricular  origin)  does  not  discriminate  between  the  two  angiographic  categories.  The 
RBBB  pattern  was  statistically  more  frequent  in  the  positive  treadmill  group,  and  the 
presence  of  a  right  bundle  pattern  of  ventricular  premature  beats  correlates  with  an 
abnormal  treadmill  irrespective  of  angiographic  findings. 

Ventricular  premature  beats  are  the  substrate  from  which  more  serious  arrhythmias 
frequently  arise.  Exercise-induced  ventricular  tachycardia  occasionally  arises  during 
exercise  testing  of  apparently  healthy  males.  Exercise-induced  ventricular  tachycardia 
has  been  seen  at  USAFSAM  in  0.5%  of  all  treadmills  performed.  We  compiled  a  list  of  45 
males  (age  range  25  to  60  years)  with  a  mean  age  of  43  years.  (2)  All  of  these  individuals 
had  asymptomatic  exercise-induced  ventricular  tachycardia.  The  mean  followup  period  was 
six  years  in  the  43  individuals  for  whom  followup  data  was  available.  Of  these  43  indi¬ 
viduals,  9  or  21%  had  cardiac  events. 


TABLE  8 

EXERCISE- INDUCED  VENTRICULAR  TACHYCARDIA 
FOLLOWUP 


3  deaths 
Amyloid,  9  mos. 

Sudden  death,  myocardial  infarction 
Sudden  death,  mitral  valve  prolapse 


6  nonfatal  events 
4  Angina 

3  yrs.  2  infarctions 

6  yrs. 


There  were  three  deaths,  one  with  amyloid  at  nine  months,  one  sudden  death  due  to  myocar¬ 
dial  infarction  at  3  years,  and  one  sudden  death  in  a  patient  with  mitral  valve  prolapse 
at  6  years.  Six  nonfatal  events  occurred,  four  experiencing  angina  and  two  myocardial 
infarction.  Since  ventricular  tachycardia  is  a  disqualifying  and  nonwaiverable  arrhythmia 
in  the  USAF,  these  individuals  could  not  be  returned  to  flying  status,  even  with  a  normal 
cardiac  catheterization.  However,  17  of  the  43  underwent  cardiac  catheterization  for 
delineation  of  their  clinical  status. 
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TABLE  9 

EXERCISE- INDUCED  VENTRICULAR  TACHYCARDIA 

17  of  43  catheterizations 


caths 

events 


Four  of  these  subjects  who  were  catheterized  had  coronary  artery  disease  and  13  were  nor¬ 
mal.  None  of  the  patients  with  normal  cardiac  catheterizations  had  cardiac  events  during 
the  followup,  and  all  of  the  patients  with  coronary  artery  disease  had  subsequent  events. 
Multiple  characteristics  of  the  ventricular  tachycardia  as  well  as  the  Bolter  monitor  and 
echocardiogram  were  analyzed  in  an  attempt  to  find  a  discriminator  for  those  predisposed 
to  future  events. 


TABLE  10 

EVENT  VS.  NON-EVENT  GROUP 

NONDISCRIMINATORS 

1.  Length  of  ventricular  tachycardia 

2.  Number  of  episodes 

3.  Rate  of  ventricular  tachycardia 

4.  Configuration  of  ventricular  tachycardia 

5.  Heart  rate  of  onset 

6.  ST  segment  response 

7.  Holter  monitor 

8 .  Echocardiogram 


Neither  the  length  of  the  tachycardia,  the  number  of  episodes,  the  rate  of  the  ventricular 
tachycardia,  configuration  of  the  ventricular  tachycardia,  heart  rate  at  onset,  ST  segment 
response,  Holter  monitor  data,  or  the  echocardiogram  revealed  any  discrimination  between 
those  with  and  without  subsequent  events. 

Table  11  enumerates  the  reasons  for  referral  to  USAFSAM.  It  is  noteworthy  that  13  of 
the  45  individuals  with  exercise-induced  ventricular  tachycardia  were  referred  to  USAFSAM 
for  noncardiac  reasons. 


TABLE  11 

REASONS  FOR  REFERRAL  TO  USAFSAM 


(n=45) 

Noncardiac  reasons  13 
Serial  nonspecific  ST-T  wave  abnormalities  9 
Hypertension  7 
Acquired  RBBB  6 
Frequent  VP Bs  6 
Remote  episodes  of  atrial  fibrillation  3 
First-degree  atrioventricular  block 


1 
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We  further  attempted  to  describe  the  nature  of  the  exercise-induced  ventricular  tachy¬ 
cardia  (EIVT) . 


TABLE  12 

DESCRIPTION  OF  EIVT 
(n~45) 


Single  episode  of  3  VPBs  in  a  row  26 
Single  episode  of  4  VPBs  in  a  row  7 
Multiple  episodes  of  3  to  7  VPBs  in  a  row  12 
Sustained  ventricular  tachycardia  0 
Symptoms  with  VPBs  0 


Technical  ventricular  tachycardia  is  three  VPBs  in  a  row.  Of  the  45  subjects,  26  had  only 
technical  ventricular  tachycardia,  and  an  additional  7  had  only  4  VPBs  consecutively.  Of 
the  45,  12  had  multiple  episodes  of  ventricular  tachycardia,  but  all  episodes  were  less 
than  7  VPBs  in  a  row.  All  subjects  were  asymptomatic  during  the  exercise-induced  ventric¬ 
ular  tachycardia.  We  further  attempted  to  look  at  the  pattern  of  ventricular  ectopy  in 
reference  to  the  ventricle  of  origin.  The  differences  were  not  significant. 

TABLE  13 

PATTERN  OF  VENTRICULAR  ECTOPY* 

(n=45) 


RBBB 

24 

LBBB 

18 

Mixed 

3 

•Defined  as  greater  than  10  VPBs  per  minute,  pairing,  multiformity,  or  bigeminy. 


Arrythmias  which  might  have  been  considered  as  "warning  arrhythmias"  were  analyzed. 
Greater  than  10  ventricular  premature  beats  per  minute,  pairing  of  VPBs,  multiformity, 
or  a  bigeminal  pattern  were  all  considered  to  represent  warning  arrhythmias.  Of  the  29 
subjects  with  warning  arrhythmias,  6  had  subsequent  cardiac  events  while  23  did  not. 

TABLE  14 

WARNING  ARRHYTHMIAS* 

(n=45 ) 

Patients  without  cardiac  events  23 

Patients  with  cardiac  events  6 


•Defined  as  greater  than  10  VPBs  per  minute,  pairing,  multiformity,  or  bigeminy. 


Table  15  compares  this  group  of  individuals  with  exercise-induced  ventricular  tachycardia 
to  USAFSAM  evaluation  subjects  with  normal  cardiovascular  systems,  and  to  the  USAF  flying 
personnel  at  large.  A  comparison  of  event  rates  reveals  that  cardiac  events  were  signifi¬ 
cant  in  the  exercise-induced  ventricular  tachycardia  group  at  a  significance  of  p<.001. 
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TABLE  15 

COMPARISONS  OF  THIS  STUDY  GROUP  AND  OTHER  USAF  GROUPS 


Population 

N 

Cardiac  Events 

CAD 

USAF  flying  personnel 

47,896* 

222** 

unknown 

USAFSAM  Group  V*** 

710 

unknown 

7 

EIVT  Group 

43 

12 

7+  (p<0.001) 

‘Mean  population  1970-1976  inclusive 

“Total  number  of  events  1970-1976  inclusive 

“‘Normal  men  referred  to  USAFSAM  for  noncardiac  minor  health  problems 
which  could  affect  flying  suitability 

+p< 0.001  for  comparisons  with  both  groups 


Thus,  there  are  some  valid  conclusions  regarding  exercise-induced  ventricular  tachy¬ 
cardia  in  healthy  men.  Men  with  exercise-induced  ventricular  tachycardia  are  definitely 
at  an  increased  risk  for  sudden  events.  Exercise-induced  ventricular  tachycardia  is 
unsustained,  usually  occurs  in  late  exercise  or  recovery,  usually  occurs  at  heart  rates 
less  than  150  beats  per  minute,  and  is  usually  an  isolated  event.  Antecedent  complex 
arrhythmias  are  usually  absent.  Holter  monitoring  is  invariably  unrevealing  in  these 
subjects.  Particularly  noteworthy  is  the  fact  that  all  of  the  patients  at  risk  for  sudden 
events  with  exercise-induced  ventricular  tachycardia  could  have  been  identified  by  cathe¬ 
terization  or  a  thorough  noninvasive  evaluation.  In  terms  of  aeromedical  disposition, 
ventricular  tachycardia  remains  a  nonwaiverable  arrhythmia  in  the  USAF.  with  further 
long-term  followup,  it  is  conceivable  that  those  with  completely  normal  cardiac  evalua¬ 
tions,  including  cardiac  catheterization,  may  be  considered  for  limited  flying  duties. 

AEROMEDICAL  DISPOSITION  OF  SUPRAVENTRICULAR  TACHYCARDIA 

Supraventricular  tachycardia  is  a  problem  with  serious  implications  for  sudden  inca¬ 
pacitation  due  to  compromised  myocardial  function.  Even  in  the  healthy  individual,  rapid 
sustained  tachycardias,  with  very  short  diastolic  filling  periods,  may  lead  to  inadequate 
cardiac  output  and  near  syncope  or  frank  syncope.  Further,  individuals  with  subr1  '.nical 
coronary  artery  disease  may  develop  symptoms  of  angina,  heart  failure,  or  cardie -ascular 
collapse  as  the  sustained  tachycardia  causes  the  coronary  artery  disease  to  become  clini¬ 
cally  manifest.  Prior  to  1974,  all  episodes  of  supraventricular  tachycardia  were  disquali¬ 
fying  and  nonwaiverable  in  the  USAF.  Since  that  time,  individuals  with  isolated  asympto¬ 
matic  episodes  of  supraventricular  tachycardia  have  been  returned  to  flying  status  after 
stringent  evaluations.  The  most  favorable  cases  of  supraventricular  tachycardia  for  return 
to  flying  status  are  those  associated  with  classical  precipitating  factors  for  supraven¬ 
tricular  tachycardia  in  younger  persons.  Not  infrequently,  the  episode  of  supraventricular 
tachycardia  is  related  to  a  combination  of  fatigue,  stimulants  such  as  caffeine,  hunger, 
alcohol,  and  anxiety.  The  episodes  of  supraventricular  tachycardia  occurring  following 
alcohol,  tobacco,  and  stimulants  are  frequently  referred  to  as  "holiday  heart",  since 
these  episodes  often  occur  as  a  result  of  indiscretions  during  a  vacation.  These  are 
usually  self-limited  episodes  which  do  not  tend  to  recur  if  the  precipitating  factors  are 
avoided.  "Holiday  heart"  accounts  for  the  majority  of  cases  of  supraventricular  tachy¬ 
cardia  referred  to  USAFSAM. 

The  proper  disposition  of  supraventricular  tachycardia  is  heavily  dependent  upon  the 
correct  diagnosis.  Is  it  atrial  flutter?  Is  it  atrial  fibrillation?  Is  it  a  reentrant 
atrial  tachycardia?  Is  it  a  supraventricular  arrhythmia  with  aberrancy,  or  does  this 
represent  a  ventricular  tachycardia?  A  thorough  analysis  of  the  electrocardiographic 
tracings  is  necessary,  because  atrial  flutter  and  ventricular  tachycardia  are  nonwaiver- 
able  arrhythmias,  while  atrial  fibrillation,  atrial  tachycardia,  or  supraventricular 
tachycardia  with  aberrancy  are  all  potentially  waiverable  arrhythmias.  Prior  to  evalua¬ 
tion  at  USAFSAM,  certain  requirements  for  potential  waiverability  must  be  met. 

TABLE  16 

DISPOSITION  OF  SUPRAVENTRICULAR  TACHYCARDIA 

1.  No  syncope  or  vascular  collapse 

2.  No  recurrence  of  arrhythmia 

3.  6-month  waiting  interval  before  catheterization 

A.  Rule  out  mitral  disease 

B.  Rule  out  thyroid  disease 

4.  No  medication  required 


During  the  episode  of  supraventricular  tachycardia,  there  must  have  been  no  symptoms  of 
syncope  or  vascular  collapse.  Further,  the  arrhythmia  must  not  be  a  recurrent  one,  and 
no  maintenance  medication  is  allowed.  Following  the  episode  of  supraventricular  tachy¬ 
cardia,  a  full  six-month  waiting  period  is  required  for  referral  to  USAFSAM.  During  this 
six  months,  the  arrhythmia  may  be  noted  to  be  a  recurrent  one,  and  further  aeromedical 
evaluation  is  not  indicated.  Further,  metabolic  processes  such  as  hyperthyroidism  may 
declare  themselves  during  this  period  of  time.  During  this  period  of  observation,  occult 
mitral  valve  disease  or  other  cardiovascular  problems  may  become  manifest.  Thus,  at  the 
end  of  the  six-month  waiting  period,  if  no  secondary  causes  of  supraventricular  tachycar¬ 
dia  are  found,  then  the  aviator  is  evaluated  at  USAFSAM.  At  USAFSAM,  individuals  must 
undergo  a  left  and  right  heart  catheterization  if  they  are  over  35  years  of  age. 

TABLE  17 

DISPOSITION  OF  SUPRAVENTRICULAR  TACHYCARDIA 
Cardiac  catheterization 

A.  Left  and  right  heart  >35  years 

B.  Right  heart  only  “35  years 

1.  Electrophysiological  studies 

2.  Sinus  node  recovery  times 

3.  Atrial,  atrioventricular  nodal  refractoriness 

4.  Stable  hemodynamics  during  induced  arrhythmia 

5.  No  bypass  tracts 


Left  heart  catheterizations  are  performed  in  those  over  the  age  of  35  because  of  the  neces¬ 
sity  to  rule  out  coronary  artery  disease.  Even  insignificant  coronary  artery  disease  may 
become  manifest  during  a  rapid  supraventricular  tachycardia,  especially  with  the  superim¬ 
posed  stresses  of  high  +Gz  acceleration.  If  the  individual  has  any  degree  of  coronary 
artery  disease,  no  further  studies  are  performed.  If  the  coronary  arteriograms  are  com¬ 
pletely  normal,  and  the  left  ventriculogram  reveals  no  evidence  of  mitral  valve  prolapse, 
then  an  electrophysiologic  study  must  be  a  complete  study  in  order  to  rule  out  bypass 
tracts,  abnormal  refractory  periods,  or  unstable  hemodynamics  if  one  is  successful  in 
inducing  the  arrhythmia  in  the  cardiac  catheterization  laboratory.  Individuals  35  years 
of  age  or  under  receive  right  heart  catheterizations  only,  if  the  maximal  treadmill  exer¬ 
cise  is  normal,  and  the  thallium  scintigram  reveals  no  perfusion  defect.  Seventy-eight 
cases  of  supraventricular  tachycardia  (SVT)  have  met  the  criteria  for  referral  to  USAFSAM. 

TABLE  18 

SUPRAVENTRICULAR  TACHYCARDIA 


78  SVTs  evaluated 


56  (72%)  waiver  to  fly  13  (17%)  with  any  CAD  9  (11%)  disqualified 

due  to  other  causes 


Of  these  cases,  72%  were  waivered  to  fly,  17%  were  found  to  have  some  degree  of  coronary 
artery  disease,  and  11%  were  disqualified  due  to  other  causes.  Supraventricular  tachy¬ 
cardia  is  not  a  marker  for  coronary  artery  disease,  as  evidenced  by  the  fact  that  the 
majority  of  those  with  supraventricular  tachycardia  have  no  coronary  disease  whatsoever. 
However,  left  heart  catheterizations  are  performed  because  of  the  absolute  necessity  to 
rule  out  subclinical  coronary  artery  disease  in  those  who  may  have  rapid  tachycardias. 

RIGHT  AND  LEFT  BUNDLE  BRANCH  BLOCK 

Both  right  and  left  bundle  branch  block  are  rare  conduction  disturbances  in  our  avia¬ 
tion  population.  LBBB  occurs  in  less  than  2  per  1,000  aviators  under  the  age  of  50.  RBBB 
occurs  in  less  than  6  per  1,000.  All  conduction  defects,  including  nonspecific  intraven¬ 
tricular  conduction  defects  as  well  as  the  bundle  branch  blocks,  remain  basically  static 
at  about  8  per  1,000  until  the  age  of  45.  A  consideration  of  conduction  defects  requires 
some  consideration  of  the  location  of  the  delay.  Possible  sites  are  the  bundle  of  His, 
the  right  bundle,  the  left  bundle,  the  anterior  division  of  the  left  bundle,  or  the  pos¬ 
terior  division  of  the  left  bundle.  We  must  be  especially  sensitive  to  wide  QRS  patterns. 
Bifascicular  and  trifascicular  blocks  account  for  90%  of  cases  of  complete  heart  block, 
while  monofascicular  block  accounts  for  only  10%  of  cases.  Left  anterior  hemiblock  is 
especially  troublesome,  since  left  anterior  hemiblock  can  mask  an  anterior  infarction  if 
the  chest  electrodes  are  placed  below  the  heart's  electrical  center. 
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Cardiac  catheterization,  including  left  heart  catheterization,  with  coronary  arteri¬ 
ograms  and  a  right  heart  catheterization  with  full  electrophysiologic  study  have  been 
required  in  the  past  for  waiver  of  an  acquired  RBBB.  Using  this  data  from  cardiac  cath¬ 
eterization,  we  sought  to  define  the  nature  of  the  delay  in  the  right  bundle  in  asympto¬ 
matic  patients  with  isolated  acquired  RBBB  as  their  only  cardiac  abnormality. (3)  Each 
of  these  individuals  had  undergone  an  electrophysiologic  study  which  included  endocardial 
mapping  of  the  right  ventricle.  Table  19  lists  a  series  of  normal  electrophysiologic 
intervals  as  well  as  the  mean  intervals,  for  the  following  distances:  His  to  right  bun¬ 
dle  (H-RB) ;  His  to  surface  Q  wave  (H-Q  interval) ;  His  to  right  ventricular  inflow  tract 
(H-RVIT) ;  His  to  right  ventricular  apex  (H-RVA) ;  and  His  to  right  ventricular  outflow 
tract  (H-RVOT) . 


TABLE  19 

CONTROL  RIGHT  VENTRICULAR  CONDUCTION  TIMES  (MILLISECONDS) 


AGE 

H-RB 

H-Q 

H-RVIT 

H-RVA 

H-RVOT 

29 

11 

49 

63 

81 

77 

30 

10 

52 

71 

60 

96 

34 

10 

47 

66 

59 

91 

48 

10 

58 

79 

82 

95 

48 

9 

46 

58 

66 

92 

25 

11 

55 

68 

63 

86 

36  ±10 

10  ±1 

51  ±5 

68  ±7 

69  ±10 

90  ±7 

These  values  were  likewise  measured  in  men  with  acquired  RBBB,  whose  electrophysiologic 
intervals  are  recorded  in  Table  20. 

TABLE  20 


RIGHT 

VENTRICULAR 

CONDUCTION  TIMES 

IN  ASYMPTOMATIC 

RBBB  (MILLISECONDS) 

AGE 

H-RB 

H-Q 

H-RVIT 

H-RVA 

H-RVOT 

34 

8 

46 

58 

63 

124 

44 

10 

55 

73 

80 

139 

44 

11 

48 

64 

83 

142 

20 

12 

53 

88 

64 

124 

21 

11 

46 

63 

86 

105 

33  ±12 

10  ±2 

50  ±4 

69  ±11 

75  ±11 

127  ±15 

The  differences  between  the  intervals  for  the  controls  and  the  individuals  with  RBBB  were 
not  significant,  except  for  the  His  to  right  ventricular  outflow  time,  which  was  longer  in 
the  RBBB  group,  significant  at  a  level  of  .005.  Therefore,  the  normal  right  ventricular 
apex  activation  time  with  a  prolonged  outflow  tract  activation  time  in  acquired  RBBB  sug¬ 
gests  that  the  main  right  bundle  is  intact.  Further,  we  have  concluded  that  conduction  in 
our  asymptomatic  patients  with  RBBB  block  is  most  likely  to  be  impaired  distally  at  the 
level  of  the  Purkinje  fibers  beyond  the  moderator  band.  Although  the  etiology  is  unknown, 
the  location  of  the  electrical  abnormality  suggests  that  progressive  conduction  delay  is 
unlikely.  As  previously  reported  from  USAFSAM, (4)  only  one  of  372  patients  with  RBBB  in 
the  flying  population  developed  complete  heart  block  over  a  followup  period  averaging 
greater  than  ten  years.  Because  of  this  electrophysiologic  and  epidemiological  informa- 
Lion,  RBBB  block  may  now  be  waivered  with  a  full  noninvasive  evaluation,  and  catheteriza¬ 
tion  may  only  be  required  under  special  circumstances.  Cardiac  catheterizations  are  still 
required  for  right  bundle  with  left  axis  or  right  bundle  with  marked  right  axis  deviation. 

Our  experience  with  RBBB  at  USAFSAM  is  based  upon  148  right  bundles  evaluated. 


I 
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TABLE  21 

RIGHT  BUNDLE  BRANCH  BLOCK 


148  RBBBs  evaluated 


119  catheterized 

1 

96  waivered  for  flying 


29  noninvasives  only 


25  waivered  for  flying 


4  disqualified 


Waivered  to  fly  82% 
Any  coronary  disease  16% 
Abnormal  His  bundle  1% 
Other  abnormalities  1% 


Of  these  148,  119  were  seen  during  the  period  when  catheterization  was  required.  Ninety- 
six  of  these  119  receiving  catheterizations  were  waivered  for  flying.  Subsequently,  29 
RBBB  have  undergone  noninvasive  evaluation  only,  with  25  being  waivered  for  flying,  and  4 
disqualified  because  of  noninvasive  abnormalities.  Thus,  in  acquired  RBBB,  82%  have  been 
waivered  for  flying.  Coronary  artery  disease  was  found  in  16%,  an  abnormal  His  bundle 
ECG  in  1%  and  other  abnormalities  in  1%. 

LEFT  BUNDLE  BRANCH  BLOCK 

Full  invasive  evaluations,  including  coronary  arteriography  and  electrophysiologic 
studies  are  still  required  for  all  aviators  (irrespective  of  age)  with  acquired  LBBB. 

The  LBBB  individuals  have  tended  to  be  slightly  older,  and  the  prevalence  of  coronary 
artery  disease  and  hypertension  have  been  slightly  greater,  consistent  with  the  older 
age.  LBBB  is  slightly  more  difficult  to  evaluate,  since  the  exercise  ECG  is  totally 
unreadable  in  LBBB.  However,  the  exercise  ECG  is  still  interpretable  to  some  extent 
with  RBBB,  using  R  wave  amplitude. (5)  Further,  electrocardiographic  evaluation  of  the 
left  bundle  is  impractical,  whereas  RBBB  block  can  be  evaluated  in  greater  detail  on 
the  venous  side  of  the  circulation. 

Our  USAFSAM  experience  with  LBBB  is  based  upon  63  evaluations.  All  63  of  these  indi¬ 
viduals  underwent  left  heart  catheterizations  and  electrophysiologic  studies.  Forty-six 
or  73%  were  waivered  to  fly,  while  14  or  22%  were  found  to  have  some  degree  of  coronary 
artery  disease.  Five  percent  were  disqualified  due  to  other  causes,  including  one  indi¬ 
vidual  with  a  prolonged  H-Q  interval. 

TABLE  22 

LEFT  BUNDLE  BRANCH  BLOCK 


63  LBBBs  evaluated 


63  left  heart  catheterizations  and  electrophysiological  studies 


46  (73%)  waiver  to  fly  14  (22%)  with  any  CAD  3  (5%)  disqualified  due  to 

other  causes 


1  prolonged  H-V  interval 


Table  23  lists  a  comparison  of  right  and  left  bundle  branch  blocks.  While  the 
prevalence  of  coronary  artery  disease  (CAD)  is  slightly  higher  in  LBBB  than  RBBB,  bundle 
branch  blocks  do  not  seem  to  be  markers  for  coronary  disease  in  the  asymptomatic  popula¬ 
tion. 
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TABLE  23 

BUNDLE  BRANCH  BLOCKS 


RBBB 

LBBB 

Waiver  to  fly 

82% 

73% 

Any  coronary  disease 

16% 

22% 

Abnormal  His  bundle 

1% 

1% 

Other  abnormalities 

1% 

4% 

WOLFF-PARKINSON-WHITE  ELECTROCARDIOGRAPHIC  FINDINGS 

For  clarity  of  discussion,  the  Wolf f-Parkinson-White  (WPW)  electrocardiographic 
finding  is  the  classical  short  PR  interval,  delta  wave,  and  wide  QRS  complex.  By  defini¬ 
tion,  all  individuals  with  the  WPW  electrocardiographic  finding  who  have  tachyarrhythmias 
have  the  WPW  syndrome.  The  electrocardiographic  finding  of  WPW  implies  the  presence  of  a 
bypass  tract.  The  WPW  electrocardiographic  finding  becomes  the  WPW  syndrome  when  the 
patient  has  a  history  of  tachycardia.  By  definition,  all  individuals  with  the  WPW  syndrome 
have  had  tachyarrhythmias. 

The  WPW  electrocardiographic  finding  is  disqualifying  for  entry  into  flying  training 
in  the  USAF.  The  WPW  electrocardiographic  finding  is  waiverable  if  discovered  in  already 
trained  aviators.  Since  the  electrocardiographic  finding  may  be  inconstant  on  the  scalar 
ECG,  some  cases  of  WPW  are  not  discovered  until  the  aviator  has  had  a  series  of  ECGs  over 
the  years.  If,  however,  a  new  WPW  electrocardiographic  finding  is  discovered  in  a  fully 
trained  aviator,  waiver  is  allowable  if  there  are  no  tachyarrhythmias.  We  do  not  perform 
any  electrophysiologic  studies  in  individuals  with  the  WPW  electrocardiographic  finding 
or  in  the  tachycardia  syndrome.  The  finding  of  the  WPW  electrocardiographic  finding  is 
cause  for  rejection  for  pilot  training.  Conceivably,  one  could  perform  electrophysiologic 
studies  on  these  applicants  to  determine  retrograde  conduction  and  bypass  refractoriness, 
thus  defining  some  WPWs  who  would  be  acceptable  trainees.  However,  in  the  USAF  we  do  not 
perform  invasive  procedures  in  order  to  qualify  individuals  for  training.  Invasive  proce¬ 
dures  are  reserved  for  those  who  are  already  rated  and  represent  a  significant  flying 
experience  base.  While  electrophysiologic  studies  are  indicated  in  a  number  of  conduction 
and  arrhythmic  disturbances  in  trained  aviators,  there  is  also  no  reason  to  perform  inva¬ 
sive  studies  in  trained  aviators  with  newly  discovered  WPW.  In  those  who  are  already 
trained  aviators,  WPW  is  occasionally  discovered  on  the  first  ECG  performed  since  pilot 
training  which  occurrs  at  age  35.  By  this  time,  we  generally  have  a  number  of  years  of 
experience  with  this  individual,  and  the  mere  presence  of  a  bypass  tract  is  not  disquali¬ 
fying.  Thus,  an  electrophysiologic  study  would  not  change  the  aeromedical  disposition. 
Further,  if  the  individual  has  the  tachycardiac  syndrome,  an  electrophysiologic  study  will 
not  alter  the  disposition  since  this  syndrome  is  disqualifying  and  nonwaiverable. 

Table  24  lists  some  of  the  considerations  in  WPW  electrocardiographic  finding. 

TABLE  24 

CONSIDERATIONS  IN  WPW 


1.  WPW  is  not  a  marker  for  coronary  disease 

2.  Sustained  tachycardia 

a.  Short  diastolic  filling  period 

b.  Syncope,  vascular  collapse 

c.  Unmasking  of  subclinical  coronary  disease 

3.  Exercise  test  becomes  unreadable 


We  do  not  feel  that  WPW  is  a  marker  for  coronary  artery  disease.  However,  coronary  artery 
disease  is  of  special  concern,  since  this  is  the  subclinical  condition  which  individuals 
with  rapid  tachycardias  are  least  able  to  tolerate.  While  a  25-year-old  pilot  with  tachy¬ 
cardia  may  remain  asymptomatic,  during  a  reentrant  tachycardia,  his  clinical  state  at  age 
35  or  40  may  become  quite  tenuous  due  to  asymptomatic  coronary  artery  disease.  Thus,  the 
entry  into  pilot  training  of  individuals  with  known  WPW  places  them  at  subsequent  risk 
because  of  the  possibility  of  acquired  coronary  artery  disease,  the  most  common  cardiovas¬ 
cular  condition  in  our  aviation  population.  Further,  the  ST  segment  of  the  exercise  test 
becomes  unreadable  in  the  great  majority  of  those  with  WPW.  The  loss  of  the  exercise  test 
as  a  repetitive  noninvasive  cardiovascular  test  is  most  unfortunate.  The  flight  surgeon 
is  then  deprived  of  a  tool  to  screen  serially  for  the  one  condition  which  those  with  WPW 
can  least  tolerate  in  the  face  of  tachyarrhythmias-coronary  artery  disease.  Further,  the 
numbers  of  individuals  applying  for  pilot  training  with  WPW  are  not  insignificant.  In 
less  than  a  decade,  the  USAF  could  easily  have  well  over  100  individuals  with  WPW  electro¬ 
cardiographic  finding  in  the  flying  ranks.  The  presence  of  100  men  with  abnormal  exercise 
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ECGs  presents  a  very  formidable  medical  followup  problem,  and  would  seriously  hamper  con¬ 
tinued  surveillance  for  coronary  disease.  The  continuing  risk  of  sustained  tachycardia, 
as  well  as  the  logistical  difficulties  of  disease  surveillance  in  WPW  will  continue  to 
make  this  disorder  a  disqualifying  one  for  flying  training. 

SINUS  BRADYCARDIA 

The  overall  prevalence  of  sinus  bradycardia  in  U.S.  aviators  is  9.4%.  The  prevalence 
of  sinus  bradycardia  in  those  less  than  30  years  of  age  is  11.4%.  For  purposes  of  defini¬ 
tion,  sinus  bradycardia  in  our  USAFSAM  population  is  defined  as  50  beats  pe.  minute  rather 
than  60  beats  per  minute.  Sinus  bradycardia,  of  course,  is  commonly  seen  in  healthy 
trained  athletes.  However,  sinus  bradycardia  cannot  always  be  taken  as  presumptive  evi¬ 
dence  of  good  physical  conditioning.  Particularly,  sinus  bradycardia  as  a  serial  change 
in  an  unconditioned  individual  may  be  a  pathologic  finding.  In  one  10-month  study  con¬ 
ducted  at  USAFSAM,  64  subjects  greater  than  30  years  of  age  were  noted  to  have  heart  rates 
equal  to  or  less  than  50  beats  per  minute  as  a  serial  change.  Twenty-four  subjects  less 
than  30  years  of  age  had  heart  rates  of  less  than  43  beats  beats  per  minute  as  a  serial 
change.  Surprisingly,  20%  of  these  new  sinus  bradycardia  subjects  rarely  engaged  in  exer¬ 
cise,  and  40%  failed  to  respond  to  0.02  mg/kg  of  IV  atropine.  In  the  case  of  a  serial 
sinus  bradycardia  in  unconditioned  individuals,  one  must  be  sensitive  to  the  possibility 
of  sinus  node  disease.  Sinus  node  dysfunction  must  be  suspected  in  cases  of  asymptomatic 
sinus  arrest,  sinus  node  exit  block,  heart  rates  less  than  40  beats  per  minute  as  a  serial 
change,  unexplained  syncope,  or  in  episodes  of  supraventricular  tachycardia,  which  may 
have  a  brady-tachy  syndrome  as  the  underlying  disorder.  The  evaluation  of  suspected  sinus 
node  dysfunction  is  outlined  in  Table  25. 

TABLE  25 

EVALUATION  OF  SUSPECTED  SINUS  NODE  DYSFUNCTION 


24-hour  Holter  monitor 

Maximal  treadmill 

Tilt  table  test 
Centrifuge  test 
Carotid  sinus  pressures 
Atropine  0.02  mg/kg  maximum 
Full  electrophysiologic  studies 


A  24-hour  Holter  monitor  should  be  performed  on  all  individuals  with  new  bradycardia  in 
order  to  detect  more  serious  bradyarrhythmias .  Individuals  may  be  tested  with  a  variety 
of  stress  tests  to  induce  vagal  withdrawal.  Heart  rates  should  accelerate  appropriately 
with  maximal  treadmill  exercise,  70°  of  headup  tilt,  centrifuge  testing,  or  upright  bicycle 
exercise.  Carotid  sinus  massage  may  produce  slowing,  with  prompt  return  of  rhythm  when  the 
stimulus  is  terminated.  For  those  failing  to  respond  to  vagal  withdrawal,  atropine  0.02 
mg/kg  may  be  administered  intravenously.  Higher  doses  of  atropine  should  be  used  cau¬ 
tiously.  Individuals  with  glaucoma,  pre-glaucoma,  or  symptoms  of  prostatism  should  not 
receive  atropine.  Failure  to  respond  to  atropine  may  be  an  indication  for  full  electro- 
physiologic  studies. 

Sinus  arrest  as  an  etiology  for  syncope  or  presyncopal  episodes  must  always  be  con¬ 
sidered.  Asymptomatic  individuals  who  have  pauses  greater  than  two  seconds  must  be  con¬ 
sidered  abnormal,  until  sinus  node  function  is  demonstrated  to  be  normal.  The  most  common 
causes  of  sinus  node  arrest  are  increased  vagal  tone  (well-trained  athletes),  digitalis, 
and  sinus  node  disease.  Table  26  outlines  the  aeromedical  evaluation  of  sinus  bradycardia. 
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TABLE  26 

SINUS  BRADYCARDIA  EVALUATION 

Heart  rate  <"43/min.  if  <30  yrs. 

Heart  rate  ~50/min.  if  >30  yrs. 

(Serial  change  required) 

Exercise  history 

Vagolytic  maneuvers 


Atropine  0.02  mg/kg  IV  Treadmill  test  as  an  adjunct 


2X  heart  rate  or  heart  rate  >100/min.  Poor  response 


No  further  evaluation  USAFSAM  evaluation 


The  sinus  bradycardia  must  occur  as  a  serial  change.  The  exercise  history  is,  of  course, 
quite  important.  Serial  sinus  bradycardia  is  a  more  potent  finding  in  those  who  are  non¬ 
exercisers.  The  next  level  of  the  workup  involves  vagolytic  maneuvers  such  as  stress 
tests  or  intravenous  atropine.  For  those  individuals  with  a  poor  response  to  stress 
testing,  intravenous  atropine  should  be  given.  A  heart  rate  of  100  beats  per  minute,  or 
doubling  of  the  resting  heart  rate  should  be  achieved.  For  those  with  a  poor  response  to 
both  treadmill  testing  and  intravenous  atropine,  a  USAFSAM  evaluation  is  required. 

AXIS  DEVIATION 

Right  axis  deviation  is  defined  as  a  mean  QRS  axis  of  equal  to  or  greater  than  +120° 
in  the  frontal  plane  axis.  Left  axis  deviation  is  defined  as  equal  to  or  more  negative 
than  -30°  in  the  frontal  plane  axis.  Left  axis  deviation  increases  with  age  in  the  Air 
Force  population,  occurring  in  5  per  1,000  in  the  early  twenties  and  50  per  1,000  in  the 
late  fifties.  Left  axis  deviation  is  often  related  to  conduction  disturbances,  myocardial 
disease,  and  obesity.  In  our  population,  right  axis  deviation  is  extremely  rare  after  the 
age  of  50.  When  present  in  those  aviators  age  50  or  above,  pulmonary  disease  is  the  most 
common  cause.  Right  axis  deviation  in  our  younger  pilots  is  usually  a  persistent  juvenile 
pattern,  missed  congenital  heart  disease,  or  right  ventricular  hypertrophy. 

In  the  absence  of  other  findings  suggestive  of  organic  heart  disease,  acquired  right 
and  left  axis  deviation  may  be  worked  up  noninvasively . 

SUMMARY 

Electrocardiography  is  not  an  exact  science,  and  involves  the  use  of  the  ECG  as  a 
laboratory  tool  in  conjunction  with  all  other  information  available  regarding  the  aviator. 
Only  through  detailed  natural  history  followup  studies  will  we  be  able  to  determine  the 
significance  of  certain  electrocardiographic  findings  in  a  healthy  population.  Surveil¬ 
lance  of  aviators  through  annual  ECGs  should  begin  at  age  35,  with  a  previous  tracing  upon 
entry  into  aviation  training.  The  ECGs  in  asymptomatic  men  are  most  useful  when  viewed  in 
a  serial  fashion.  The  strength  of  the  centralized  electrocardiographic  review  lies  in  the 
strong  orientation  toward  serial  change.  USAFSAM  is  now  pursuing  a  long-term  effort  to 
develop  a  computerized  vectorcardiographic  interpretation  system,  which  will  store  the 
actual  electrocardiographic  signal  for  serial  comparison. 
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CONCLUSIONS 


Summary  of  the  roundtable  discussions  between  the  lecturers  and  the  participants 

of  the 

Sixth  Advanced  Operational  Aviation  Medicine  Course  on  Friday  28  Mar  80 


1 .  Fitnesa-criteria  for  applicants 

a.  ECG-abnormalities 


There  i6  a  general  consensus  about  the  following  points  :  (1)  to  (5) 


(1)  Wolff-Parkinson-White  unfit 

(2)  Left  Bundle  Branch  Block  (of  any  degree)  unfit 

(3)  Complete  Right  Bundle  Branch  Block  unfit 

(4)  Left  and  Right  Axis  Deviation  unfit 

(5)  AV  Block 

PR  distance  less  than  0.22  fit 


0.22  -  0.24  fit  if  PR  decreases  on  exercise  test 

more  than  0.24  cardiologic  evaluation  required 

(6)  Arythmia 

Lt  Col  HICKMANN  MD  (USAFSAM)  states 

(a)  that  the  disappearance  of  premature  beats  on  exercise  i6  not  reassuring;  however  an  applicant 
should  be  considered  fit  for  flight  service  if  : 

-  there  are  no  complex  ventricular  ectopic  beats 

-  the  clinical  examination  is  normal 

-  echocardiography,  treadmill  and  Holter-monitoring  (24  h  ECG)  are  within  normal  range 

(b)  that  a  candidate  is  to  be  rejected  in  the  presence  of  : 

-  pared  ectopy 

-  multiformed  complexes 

-  more  than  ten  (10)  premature  beats  per  minute 

Air  Vice  Marshall  COOKE  (RAF)  considers  a  candidate  unfit  when  there  are  frequent  premature 
beats  (no  number  specified)  or  three  (3)  consecutive  premature  beats. 


b.  Hypertension 

Dr.  HICKMANN  states  that  a  candidate  is  rejected  if  the  bloodpressure  exceeds  140/90  mm  Hg,  calculated 
as  a  mean  value  of  six  bloodpressure  measurements,  during  three  days,  before  and  after  noon,  on  an  applicant 
in  sitting  position,  with  hanging  arm  at  the  side. 

In  Norway  the  limit  is  fixed  at  135/85  mm  Hg. 

c.  HDL-Cholesterol 

There  is  a  general  consensus  about  the  advisability  of  a  systematic  HDL  determination  on  all  candidates. 
These  HDL-values  would  be  integrated  into  a  risk  function.  If  this  function  exceeds  a  limit  which  is  to  be 
calculated,  a  candidate  would  be  rejected. 


d.  Echocardiography 

General  consensus  :  all  candidates  ought  to  be  subjected  to  an  echocardiography,  mainly  in  order  to 
exclude  a  mitral  valve  prolaps,  which  makes  them  definitely  unfit  for  "High  Sustained  GZ". 


2.  FitneBs-criteria  for  graduated  aircrew 
a.  Treatment  of  hypertension 


(1)  Belgium 


Flight  missions  are  allowed  with  a  treatment  consisting  in  diet  and  low  doses  of  di '.reties, 
providing  the  blood-potassium  levels  are  checked. 

Flight  missions  with  restriction  to  transport  aircraft  or  with  the  presence  of  a  second-pilot  are 
allowed  with  the  use  of  beta-blocking  medication. 


(2)  The  Netherlands 

Flight  missions  are  allowed  with  a  treatment  based  on  diet  and  diuretics.  A  beta-blocker  can  be 
given  as  an  additional  drug  (maximum  120  mg  propanolol  a  day),  after  an  observation  period  of  one  year. 


Flight  missions  are  allowed  with  intake  of  diuretics  in  addition  to  dietary  measures. 

(4)  Great-Britain 

Beta-blockers  are  never  allowed  in  military  aviation.  Since  then  i6  an  increasing  u6e 
of  beta-blockers  as  a  first  line  treatment  for  hypertension,  these  drugs  are  expected  to  be  allowed  in 
civil  aviation,  with  restriction  to  multipilot  aircraft. 

b.  Regolarisation  abnormalities  on  ECG 

(1)  Treadmill  test  : 

USA  :  If  the  test  is  negative  :  the  pilot  remains  fit,  without  further  investigation. 

If  the  test  is  positive  :  due  to  the  excessive  false  positive  rate  (SOf&)  a  risk  function 
established  on  the  basis  of  the  following  data  :  HDL-cholesterol ,  family  history,  glucose  intolerance, 
hypertension,  abnormal  resting  ECG,  postural  ST  changes,  postural  T  changes,  hyperventilation  changes, 
time  on  treadmill  (minutes)  is  evaluated. 

Afterwards  a  thallium-scan  can  be  performed,  if  necessary  followed  by  a  heart  catheterization. 

(2)  Coronary  arteriography 

USA  :  A  degree  of  obstruction  above  30%  in  one  branch  as  well  as  a  combined  obstruction  in  several 
branches  above  50?6  is  disqualifying  for  all  air  service. 

c.  Atrial  flutter 

USA  :  no  waiver  is  granted  for  atrial  flutters 

d.  Centrifuge  testing 

(1)  There  is  a  general  consensus  about  the  necessity  of  this  test  for  all  applicants  for  High- 
Performance-Aircraft  . 

(2)  France  :  The  lower-body-negative-pressure  test  cannot  replace  the  centrifuge  testing,  since  it 
is  not  a  real  indicator  of  G-tolerance. 
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reference  to  aviation  medicine" 

by  Med  Col  H.  KESTELOOT  Mil  Hosp  BRUSSELS 

Lunch  at  the  Officers  Mess 

2.  "Modern  and  non  invasive  techniques  in  cardiology" 

by  Prof  JM.R.  DETRi,  Service  de  Cardiologie,  Universte  de  Louvain  a  Woluwe 

Break 

Visit  of  "Centre  de  Medecine  Aeronautique" 


TUESDAY  MARCH  25 


Selection  and  Screening  Problems 


0900  -  1020 


1020 

1040 


1040 

1200 


1200  -  1400 
1400  -  1520 


1520 

15^0 


1540 

1700 


3.  "Cardiological  Selection  Criteria  in  the  NATO  AIR  FORCES" 

by  Med  Gen  Maj  e.r.  E.  EVRARD 

Break 

4.  "Apport  du  mecanogramme  dans  l'expertise  du  PN" 

by  Prof  R.  CARRE  CPEMPN  Paris  (France) 

Lunch  at  the  Officers  Mes6 

5.  "l'Echocardiographie  en  medecine  d'aviation" 

by  Med  Chef  G.  LEGUAY  HIAD  Versailles  (France) 

Break 

6.  "Principales  anomalies  ECG  dans  l'expertise  du  PN" 

by  Prof  R.  CARRE  CPEMPN  Paris  (France) 


WEDNESDAY  MARCH  26 

Selection  and  Screening  Problems  (continued) 

0900  -  1020  7.  "Exercise  tolerance  testing" 

by  Lt  Col  James  R.  HICKMANN  Jr.  MD  USAFAM 


1020  -  1040 
1040  -  1200 

1200  -  1400 
1400  -  1520 

1520  -  1540 
15^0  -  1700 
1930 


Break 

8.  "Twenty-four  hours  ECG" 

by  Med  Chef  G.  LEGUAY  HIAD  Versailles  (France) 

Lunch  at  the  Officers  Mess 

Round  table  discussion  on  selection  and  screening  problems  including  High 
Performance  Aircraft 

Break 

cound  table  (continued) 

Course  Banquet 


THURSDAY  MARCH  27 


Epidemiology  and  prevention 


C2-2 


0900  -  1020 

1020  -  1040 
1040  -  1200 

1200  -  1400 
1400  -  1?00 


Aging  Problems 
0900  -  1020 

1020  -  1040 
1040  -  1200 

1200  -  1400 
1400  -  1540 

1540  -  1600 
1600  -  1700 


9.  "Epidemiological  basis  for  the  Prevention  of  coronary  heart  disease” 

by  Dr.  G.  DE  BACKER,  afdeling  Cardiologie,  Rijksuniversiteit  GENT 

Break 

10.  "Epidemiological  cardiovascular  survey  in  the  Belgian  Military  Forces" 

by  Med  Col  H.  KESTELOOT  Mil  Hosp  BRUSSELS 

Lunch  at  the  Officers  Mess 

Visit  of  the  Cardiological  Department  of  the  Universte  Catholique  de  Louvain 
a  Woluwe. 


FRIDAY  MARCH  28 


11.  "Cardiovascular  problems  during  the  pilots  career" 

by  Air  Vice  Marshall  J.N.C.  COOKE  Royal  Air  Force 

Break 

12.  "Aging  and  ECG  disturbances" 

by  Lt  Col  James  R.  HICKMANN  Jr.  MD  USAFAM 

Lunch  at  the  Officers  Mess 

Round  table  and  general  discussion  on  cardiovascular  problems  throughout  the 
pilots  career. 

Break 

-  Conclusions  by  Med  Col  J.  CLEMENT 

-  Closing  remarks  by  Med  Col  J.  BANDE 


( 

! 

; 
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LIST  OF  PARTICIPANTS 

SIXTH  ADVANCED  OPERATIONAL  AVIATION  MEDICINE  COURSE 
"CARDIOVASCULAR  PROBLEMS  IN  AVIATION  MEDICINE" 

A.  Course  director  :  Medecin  Colonel  J.BANDE 

Adjoint  Medical  au  Chef  de  l'Etat  major 
de  la  Force  Aerienne  (VSH) 

Tel.  02/216.21.50  Ext  613 

B.  Course  Organizer  :  Medecin  Colonel  J.  CLEMENT 

Commandant  du  Centre  de  Medecine  Aeronautique 
Tel.  02/216.21.50  Ext  616 

C.  Lecturers  :  1.  Professeur  R.  CARRE 

Medecin  en  Chef  CPEMPN 
hinistere  de  l'air 
5bis  Av.  de  la  Porte  de  Sevres 
75996  PARIS  ARMEES  (France) 

2.  Air  Vice  Marshal  J.N.C.  COOKE 
OBE  QHP  MD  FRCP  RAF 

Dean  of  Air  Force  Medicine 

Princess  Mary's 

Royal  Air  Force  Hospital 

HALTON  -  AYLESBURY 

BUCKS  HP22  5 PS  (United  Kingdom) 

3.  Dr.  G.  DE  BACKER 
Afdeling  Cardiologie 
Akademisch  Ziekenhuis 
135  De  Pintelaan  ... 

9000  GENT  (Belgium) 

4.  Dr.  J.M.R.  DETRY 
Service  de  Cardiologie 
Cliniques  Universitaires  St  Luc 
Av.  Hypocrate  10 

1120  BRUXELLES  (Belgium) 

5.  Med  Gen  Maj  e.r.  E.  EVRARD 
119  Av.  Val  d'Or 

1120  BRUXELLES  (Belgium) 

6.  Dr.  James  R.  HICKMAN  Jr.  Lt  Col 
USAF  MC  SFS 

Chief  Internal  Medicine  Branch 

Clinical  Sciences  Division 

USAF  School  of  Aerospace  Medicine  (AFSC) 

Brooks  Air  Force  Base 
78235  TEXAS  (USA) 

7.  Med  Kol  H,  KESTELOOT 

Commandant  Militair  Hospitaal  Brussel 

145  Kroonlaan 

1050  BRUSSEL  (Belgium) 


8.  Profe66eur  G.  LEGUAY 
Medecin  en  Chef 


Hopital  d' Instruction  des  Armee6 
"Dominique  Larrey" 

78013  VERSAILLES  (France) 

D.  Participants 
Belgium  : 

1.  Med  Lt  Col  SL’JYTS  R. 

Service  de  Cardiologie 
Hopital  Militaire  de  Bruxelles 
145  Av.  de  la  Couronne 

1050  BRUXELLES  (Belgium) 

2.  Med  Ms 3  VERTENTEN  E. 

Dienst  Cardiologie 
Militair  Hospitaal  Brussel 
145  Kroonlaan 

10.30  BRUSSEL  (Belgium) 

Federal  Republic  of  Germany 

3.  Dr.  W.  NISSEN,  Col  MC  GAF 
Flugmedizinisches  Institut  der  Luftwaffe 
Abt  1 

8080  FURSTENFELBRUCK  (FRG) 

4.  Dr.  Lothar  GALL,  Lt  Col  MC  GAF 
Flugmedizinisches  Institut  der  Luftwaffe 
Abt  1 

8080  FURSTENFELBRUCK  (FRG) 

5.  Dr.  Johannes  BEIER 

Institut  ftir  Flugmedizin  der  DFVLR 
Godesberger  Allee  70 
5300  BONN  2  (FRG) 

France 

6.  Med  en  Chef  J.M.  DRONIOU 

Med  Chef  du  Service  de  Cardiologie 
Hopital  d’ Instruction  du  Val  de  Grace 
1  Place  Alphonse  Laveran 
78005  PARIS  (France) 

7.  Med  Principal  G.  JACOB 
Conseiller  Technique  du  COTAM 
Base  Aerienne  107 

78129  VILLACOUBLAY  AIR  (France) 

Italy 

8.  Col  F.  MONESI 
AMP  Executive 
AGARD/NATO 

7  rue  Ancelle 

92200  NEUILLY-SUR-SEINE  (France) 


I 


Netherlands 


Norway 


United  States 


C3-3 

9.  Lt  Col  Med  CSA  Carlo  MARTINO 
Aeronautics  Hilitare 
Ispettorato  Logiatico 
5eme  Reparto 
Servizio  di  Sanita 
Via  P.  Gobetti  2 
001000  ROMA  (Italy) 

10.  Lt  Col  Med  CSA  Pasquale  COLLARILE 
Aeronautics  Militare 
Ispettorato  Logi6tico 

5eoe  Reparto 
Servizio  di  Sanita 
Via  P.  Gobetti  2 
001000  ROMA  (Italy) 

11.  Dr.  C.J.A.  BENDEL 

Nationaal  Lucht-  en  Ruimtevaartgeneeskundig  Centrum 
(National  Aerospace  Medical  Centre) 
p.o.  Box  22 

3769  ZG  SOESTERBERG  (The  Netherlands) 

12.  Maj  Flight  Surgeon  H.H.M.  VAN  DEN  BIGGELAAR 
Chef  Geneeskundige  Dienst  Vliegbasis  Eindhoven 
p.o.  Box  90102 

5600  RA  EINDHOVEN  (The  Netherlands) 

13.  Surgeon  Lieutenant  A.N.R.J.  VAN  DER  HARTEN 
Marine  Luchtvaartdienst 

Marine  Vliegkarap  Valkenburg 
Uassenaarseweg  75 

2223  LA  KATWIJK  AAN  ZEE  (The  Netherlands) 

14.  Dr.  H.T.  ANDERSEN  Ph.D.M.D. 

Director  Institute  of  Aviation  Medicine  RNOAF 
Postbox  281,  Blindern 
OSLO  3  (Norway) 

15.  Dr.  Egil  ALNAES  M.D. 

Deputy  Director  Institute  of  Aviation  Medicine  RNOAF 
Postbox  281 ,  Blindern 
OSLO  3  (Norway) 

16.  Lt  Carol  VANDERHARTEN  -  ALGIER 

Naval  Activities,  United  Kingdom,  Box  31 

71  Frognal  Hampstead 

LONDON  NW  3  6  XY  (United  Kingdom) 

17.  Capt  R.P.  OLAZABAL,  MC,  USA 
USA  Medical  Student  Detachment 
Academy  of  Health  Sciences 
Sam  Houston,  San  Antonio  78234 
USA 
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